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CONSTITUTION  OF  THE  ASSOCIATION.' 


OBJECTS. 

The  Association  shall  be  called  The  Ambkican  Association 
FOR  THE  Advancement  op  Science. 

The  objects  of  the  Association  are,  by  periodical  and  migratory 
meetings,  to  promote  intercourse  between  those  who  are  cultivat- 
ing science  in  different  parts  of  the  United  States,  to  give  a 
stronger  and  more  general  impulse  and  a  more  systematic  direc- 
tion to  scientific  research  in  our  country,  and  to  procure  for  the 
labors  of  scientific  men  increased  facilities  and  a  wider  useful- 
ness. 

MEMBEBS. 

Rule  1.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  members,  nomination  by 
the  Standing  Committee,  and  election  by  a  majority  of  the  mem- 
bers present. 

OFFICEBS. 

RiTLE  2.  The  officers  of  the  Association  shall  be  a  President, 
Vice-President,  General  Secretary,  Permanent  Secretary,  and 
Treasurer.  The  President,  Vice-President,  General  Secretary,  and 
Treasurer  shall  be  elected  at  each  meeting  for  the  following  one ; 
—  the  three  first  named  officers  not  to  be  re-eligible  for  tbfi  next 
two  meetings,  and  the  Treasurer  to  be  re-eligible  as  long  as  the 
Association  may  desire.  The  Permanent  Secretary  shall  be  elected 
at  each  second  meeting,  and  also  be  re-eligible  as  long  as  the  Asso- 
ciation may  desire. 

*  Adopted  August  25,  1866,  and  ordered  to  go  into  effect  at  the  opening  of 
the  Montreal  Meeting.  Amended  at  Burlington,  August,  1867,  and  at  Chicago, 
August,  1868. 
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XVI  CONSTITUTION 

MSBTINGS. 

Bulb  8.  The  Association  shall  meet,  at  suoh  intervals  as  it  may 
determine,  for  one  week,  or  longer;  and 'the  arrangements  for  it 
shall  be  intrusted  to  the  officers  and  the  Local  Committee.  The 
Standing  Committee  shall  have  power  to  determine  the  time  and 
place  of  each  meeting,  and  shall  give  due  notice  of  it  to  the  Asso- 
ciation. 

STANDING  OOMMITTBS. 

Rule  4.  There  shall  be  a  Standing  Committee,  to  consist  of 
the  President^  Vice-President,  Secretaries,  and  Treasurer  of  the 
Association,  the  officers  of  the  preceding  year,  the  permanent 
Chairmen  of  the  Sectional  Committees,  after  these  shall  have  been 
organized,  and  six  members  present  from  the  Association  at  large, 
who  shall  have  attended  any  of  the  previous  meetings,  to  be 
elected  upon  open  nomination  by  ballot  on  the  first  assembling  of 
the  Association.  A  majority  of  the  whole  number  of  votes  cast, 
to  elect.  The  General  Secretary  shall  be  Secretary  of  the  Stand- 
ing Committee. 

The  duties  of  the  Standing  Committee  shall  be,*— 
1.  To  assign  papers  to  the  respective  sections. 
2«  To  arrange  the  scientific  business  of  the  general  meetings, 
to  suggest  topics,  and  arrange  the  programmes  for  the  evening 
meetings. 

'8.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific  reports 
and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the 
next  meeting. 

9.  In  conjimction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of  officers  of 
the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions,  or 
other  proceedings  shall  be  published. 
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.  OF   THX   ASSOCIATION.  ZVII 

SECTIONS. 

Rule  5.  The  Association  shall  be  divided  into  two  Sections^ 
and  as  many  sub-sections  as  may  be  necessary  for  the  scientific 
business.  When  not  otherwise  ordered  the  sub-sections  shall  be 
as  follows :  Section  A.  —  (1)  Mathematics  and  Astronomy ;  (2) 
Physics  and  Chemistry ;  (3)  Microscopy.  Section  B.  —  (1)  Zo- 
ology and  Botany;  (2)  Geology  and  Paleontology;  (3)  Eth- 
nology and  ArchsBology.    The  two  Sections  may  meet  as  one. 

sectional  officbbs  and  comicittees. 

Rule  6.  On  the  first  assembling  of  the  Section,  the  members 
shall  elect  upon  open  nomination  a  permanent  Chairman  and  Sec- 
retary, also  three  other  membei]^  to  constitute,  with  these  officers, 
a  Sectional  Committee. 

The  Section  shall  appoint,  firom  day  to  day,  a  Chairman  to  pre- 
side over  its  meetings. 

Rule  7.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their  Sec- 
tion ;  to  ascertain  what  communications  are  offered ;  Xo  assign  the 
order  in  which  these  communications  shall  appear,  and  the  amount 
of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  subjects 
for  systematic  investigation  by  members  willing  to  undertake  the 
researches,  and  to  present  their  results  at  the  next  meeting. 

The  Sectional  Committee  may  likewise  recommend  reports  on 
particular  topics  and  departments  of  science,  to  be  drawn  up  as 
occasion  permits,  by  competent  persons,  and  presented  at  subse- 
quent meetings. 

BEPOBTS   OF  PBOCEEDINGS* 

Rule  8.  Whenever  practicable  the  proceedings  shall  be  re- 
ported by  professional  reporters,  or  stenographers,  whose  reports 
are  to  be  revised  by  the  Secretaries  before  they  appear  in  print. 

PAFEBS  AND   COMMUNICATIONS. 

Rule  9.  No  paper  shall  be  placed  in  the  programme,  unless 
admitted  by  the  Sectional  Committee ;  nor  shall  any  be  read,  un- 
less an  abstract  of  it  has  been  previously  presented  to  the  Secre- 
tary of  the  Section,  who  shall  furnish  to  the  Chairman  the  titles  of 
papers,  of  which  abstracts  have  been  received. 

A.  A.  A.  8.   VOL.  XX.  C 
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XVm  CONSTITUTIOK  ' 

RuLB  10.  The  author  of  any  paper  or  communication  shall  be 
at  liberty  to  retain  his  right  of  property  therein,  provided  he  de- 
clare such  to  be  his  wish  before  presenting  it  to  the  Associa- 
tion. 

Rule  11.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  furnished  by  the 
authors;  otherwise  only  the  titles,  or  abstracts,  shall  appear'in  the 
published  proceedings. 

Rule  12.  All  papers,  either  at  the  general  or  in  the  sectional 
meetings,  shall  be  read,  as  far  as  practicable,  in  the  order  in  which 
they  are  entered  upon  the  books  of  the  Association ;  except  that 
those  which  may  be  entered  by  a  member  of  the  Standing  Com- 
mittee of  the  Association  shall  be  liable  to  postponement  by  the 
proper  Sectional  Committee.        # 

Rule  13.  If  any  communication  be  not  ready  at  the  assigned 
time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and  shall 
not  be  entitled  to  take  precedence  of  any  subsequent  communica- 
tion. 

Rule  14.  No  exchanges  shall  be  made  between  members  with- 
out authority  of  the  l^spective  Sectional  Committees. 

OENBBAIi  AND  BVBNIK6  MEETINGS. 

Rule  15.  The  Standing  Committee  shall  appoint  any  general 
meeting  which  the  objects  and  interests  of  the  Association  may 
call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for  general 
meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  purpose, 
give  their  attention  to  any  topics  of  science  which  would  otherwise 
come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings  to 
receive  the  Address  of  the  President  of  the  last  meeting ;  to 
hear  such  reports  on  scientific  subjects  as,  from  their  general  im- 
portance and  interest,  the  Standing  Committee  shall  select ;  also, 
to  receive  from  the  Chairmen  of  the  Sections  abstracts  of  the  pro- 
ceedings of  their  respective  Sections ;  and  to  listen  to  communi- 
cations and  lectures  explanatory  of  new  and  important  discoveries 
and  researches  in  science,  and  new  inventions  and  processes  in  the 
arts. 
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OP   THK   ASSOCIATION.  XIX 

OBDSB  OF  PB00EBDIN6S   IN  OBGANIZINO   A   MBBTINO. 

Rule  16.  The  Association  shall  be  called  to  order  by  the  Presi- 
dent of  the  preceding  meeting ;  and  this  officer  having  resigned 
the  chair  to  the  President  elect,  the  General  Secretary  shall  then 
report  the  number  of  papers  relating  to  each  department  which 
have  been  registered,  and  the  Association  consider  the  most  eligi- 
ble distribution  into  Sections,  when  it  shall  proceed  to  the  election 
of  the  additional  members  of  the  Standing  Committee  in  the 
manner  before  described ;  the  meeting  shall  then  adjourn,  and  the 
Standing  Committee,  having  divided  the  Association  into  Sections 
as  directed,  shall  allot  to  each  its  place  of  meeting  for  the  Session. 
The  Sections  shall  then  organize  by  electing  their  officers  and  their 
representatives  in  the  Nominating  Committee,  and  shall  proceed 
to  business. 

PEBMANBNT   SBCBETABY. 

RuuB  17.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles  of 
papers,  minutes  of  the  general  and  sectional  meetings,  and  for 
other  purposes  indicated  in  the  rules,  and  to  execute  such  other 
duties  as  may  be  directed  by  the  Standing  Committee  or  by  the 
Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  'the 
Association,  of  the  business  of  which  he  has  had  charge  since  its 
last  meeting. 

All  members  are  particularly  desired  to  forward  to  the  Perma- 
nent Secretary,  so  as  to  be  received  before  the  day  appointed  for 
the  Association  to  convene,  complete  titles  of  all  the  papers  which 
they  expect  to  present  during  its  meeting,  with  an  estimate  of  the 
time  required  for  reading  each,  and  such  abstracts  of  their  contents 
as  may  give  a  general  idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  proceedings  of  the 
Association,  he  is  authorized  to  commit  the  same  'to  the  author, 
or  to  the  proper  sub-committee  of  the  Standing  Committee  for 
correction. 
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XX  CONSTITUTION    OP   THE    ASSOCIATION. 

LOCAL    COMMITTEE. 

Rule  18.  The  Local  Committee  shall  be  appointed  from  among 
members  residing  at,  or  near,  the  place  of  meeting  for  the  ensuing 
year ;  and  it  shall  be  the  duty  of  the  Local  Committee,  assisted  by 
the  officers,  to  make  arrangements  and  the  necessary  announce- 
ments for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular  in 
regard  to  the  time  and  place  of  meetings,  and  other  paiticulars,  at 
least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Rule  19.  The  amount  of  the  subscription,  at  each  meeting,  of 
each  member  of  the  Association,  shall  be  two  dollars,  and  one 
dollar  in  addition  shall  entitle  him  to  a  copy  of  the  proceedings  of 
.the  annual  meeting.  These  subscriptions  shall  be  received  by  the 
Permanent  Secretary,  who  shall  pay  them  over,  after  the  meeting 
to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars,  in 
addition  to  the  annual  subscription ;  and  no  person  shall  be  con- 
sidered a  member  of  the  Association  until  this  admission  fee  and 
the  subscription  for  the  meeting  at  which  he  is  elected  have  been 
paid. 

Rule  20.  The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  been  previously  given. 

ACCOUNTS. 

Rule  21.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditora  appointed  at  each  meeting. 

ALTERATIONS   OP   THE   CONSTITUTION. 

Rule  22.  No  article  of  this  Constitution  shall  be  altered,  or 
amended,  or  set  aside,  without  the  concurrence  of  three-fourths  of 
the  members  present,  and  unless  notice  of  the  proposed  change 
shall  have  been  given  at  the  preceding  annual  meeting. 
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RESOLUTIONS 

OP   A    PERMANENT   AND   PB08PECTITB   CHARACTER,   ADOPTED 
AUGUST  19,  1867. 


1.  No  appointment  may  be  made  in  behalf  of  the  Association, 
and  no  invitation  given  or  accepted,  except  by  Vote  of  the  Asso- 
ciation or  its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent  Sec- 
retary for  the  files,  within  two  weeks  after  the  adjournment  of 
every  meeting,  a  record  of  the  proceedings  of  the  Association  and 
the  votQS  of  the  Standing  Committee.  He  shall  also,  daUy,  during 
the  meetings,  provide  the  Chairmen  of  the  two  Sectional  Com- 
mittees with  lists  of  the  papers  assigned  to  their  Sections  by  the 
Stan^ling  Committee. 

3.  All  printing  for  the  Association  shall  be  superintended  by  the 
Permanent  Secretary,  who  is  authorized  to  employ  a  clerk  for  that 
especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  proceed- 
ings of  the  meeting  to  press  one  month  after  the  adjournment  of 
the  Association.  Papers  which  have  not  been  received  at  that 
time  may  be  published  only  by  title.  No  notice  of  articles  not 
approved  shall  be  taken  in  the  published  proceedings. 

5.  The  Permanent  Chairmen  of  the  Sections  are  to  be  con- 
sidered their  organs  of  communication  with  the  Standing  Com- 
mittee. 

6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections  to 
receive  copies  of  the  papers  read  in  their  Sections,  all  sub-sections 
included,  and  to  furnish  them  to  the  Permanent  Secretary  at  the 
close  of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  than  9  a.m. 
d^ly,  during  the  meetings  of  the  Association,  to  arrange  the  pro- 
grammes of  their  respective  Sections,  including  all  sub-sections, 

(xxi) 
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XXll  PERMANENT   BESOLITTIONS. 

for  the  following  day.  No  paper  shall  be  placed  upon  these  pro- 
grammes which  shall  not  have  been  assigned  to  the  Section  by 
the  Standing  Committee.  The  programmes  are  to  be  famished  to 
the  Permanent  Secretary  not  later  than  11  a.m. 

8.  Daring  the  meetings  of  the  Association,  the  Standing  Com- 
mittee shall  meet  daily,  Sundays  excepted,  at  9  a.m.,  and  the 
Sections  be  called  to  order  at  10  A.M.,  unless  otherwise  ordered. 
The  Standing  Committee  shall  also  meet  on  the  evening  preceding 
the  first  assembling  of  the  Association  at  each  annual  meeting,  to 
arrange  for  the  business  of  the  first  day;  and  on  this  occasion  three 
shall  form  a  quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or  three 
years  as  they  shall  choose  at  the  time  of  admission,  —  to  be  elected 
in  the  same  way  as  |>ermanent  members,  and  to  pay  the  same  dues. 
They  shall  have  all  the  social  and  scientific  privileges  of  members, 
without  taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  business 
an*angement  of  both  the  Sections. 
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MEMBERS 

OV  THB 

AMERICAN   ASSOCIATION 

FOB  THB 

ADVANCEMENT  OF  SCIENCE. 


Abbe,  aereland,  Cinciimati,  Ohio  (16). 
*Adam8,  C.  B.,  Amhent,  Hassachusetts  (1). 

Adams,  Edwin  F.,  Charlestown,  MaMachusetts  (18). 

Agasaiz,  Alexander  £.  R.,  Cambridge,  Maflsachusetts  (18). 

Agassix,  Louis,  Cambridge,  Masgachiuette  (1). 

Aiken,  W.  E.  A.,  Baltimore,  Maryland  (12). 

Albert,  Augnstua  J.,  Baltimore,  Maryland  (12). 

Alexander,  Stephen,  Princeton,  Ne.w  Jersey  (1). 

Allen,  J.,  Alfred  Centre,  New  York  (18) 

Allen,  Zachariah,  Proridence,  Rhode  Island  (1). 

AlTord,  Bei^jamin,  Omaha,  Nebraska  (17). 
*Ame8,  M.  P.,  Springfield,  Massachusetts  (1). 

Andrews,  Ebenezer,  Chicago,  Illinois  (17). 

Andrews,  Edmnnd,  Chicago,  Illinois  (17). 

Andrews,  £.  B.,  Columbus,  Ohio  (7). 

Andrews,  Joseph  H.,  Chicago,  Blinois  (17). 
*Appleton,  Nathan,  Boston,  Massachusetts  (1). 

Atwater,  Elizabeth  E.,  Chicago,  Illinois  (17). 

Atwater,  Samuel  T.,  Chicago,  Illinois  (17). 

Austin,  E.  P.,  Cambridge,  Massachusetts  (18). 


B. 

Babcock,  George,  Troy,  New  York  (19). 
Babcock,  Henry  H.,  Chicago,  Illinois  (17). 
*Bache,  Alexander  D.,  Washington,  District  of  Columbia  (1). 
Bacon,  John,  Jr.,  Boston,  Massachusetts  (1). 

NoTB.  — Namea  of  deca—ed  memben  an  marked  with  an  aatarUk  [*].    The  flgnce  at  the  end 
of  each  name  ndSnt*  to  the  meeting  at  which  ttie  election  took  place. 
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♦Bailey,  J.  W.,  West  Point,  New  York  (1). 

Bailej,  Loring  W.,  Frederickton,  New  Brunswick  (18). 

Balrd,  Lyman,  Chicago,  Illinois  (17). 

Baird,  S.  F.,  Washington,  District  of  Columbia  (1). 

Bannister,  Henry  M.,  Washington,  District  of  Columbia  (17). 

Bardweli,  F.  W.,  Lawrence,  Kansas  (18). 

Barker,  G.  F.,  New  Haven,  Connecticut  (18). 

Barnard,  F.  A.  P.,  New  York,  New  York  (7). 

Barnard,  J.  G.,  New  York,  New  York  (14). 

Basnett,  Thomas,  Ottawa,  Illinois  (8). 

Batchelder,  J.  H.,  Salem,  Massachusetts  (18). 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  (8). 

Beaty,  John  F.,  Chicago,  Illinois  (17). 
*Beck,  C.  F.,  Philadelphia,  Pennsylvania  (1). 
*Beck,  Lewis  C,  New  Brunswick,  New  Jersey  (1). 
*Beck,  T.  Romeyn,  Albany,  New  York  (1). 

Beebe,  G.  D.,  Chicago,  lUinois  (17). 
*Bell,  Samuel  N.,  Manchester,  New  Hampshire  (7). 

Bepjamin,  £.  B.,  New  York,  New  York  (19). 

Bethune,  Charles  J.  S.,  Port  Hope,  Canada  (18). 

Bickmore,  Albert  S.,  New  York,  New  York  (17). 

Bicknall,  Edwin,  Cambridge,  Massachusetts  (18). 

Bill,  Charles,  Springfield,  Massachusetts  (17). 
*Binney,  Amos,  Boston,  Massachusetts  (1). 
*Binney,  John,  Boston,  Massachusetts  (8). 

Bhike,  Eli  W.,  Providence,  Rhode  Island  (16). 

Blake,  Eli  W.,  New  EUiven,  Connecticut  (1). 

Blake,  W.  P.,  San  Francisco,  California  (2). 
*Bhinding,  William,  Rhode  Island  (1). 

Blaney,  J.  Van  Zandt,  Chicago,  Illinois  (12). 

Blatchford,  Eliphalet  W.,  Chicago,  Illinois  (17). 

Blatchley,  S.  L.,  New  Haven,  Connecticut  (19). 

Bolles,  E.  C,  Salem,  Massachusetts  (17). 

Bolton,  H.  C,  New  York,  New  York  (17). 
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Morison,  N.  H.,  Baltimore,  Maryland  (17). 
Morley,  Edward  W.,  Hudson,  Ohio  (18). 
Morris,  John  G.,  Baltimore,  Maryland  (12). 
Morris,  Oran  W.,  New  York,  New  York  (19). 
Morse,  Edward  S.,  Salem,  Massachusetts  (18). 
Morton,  Henry,  Hoboken,  New  Jersey  (18). 
*Morton,  S.  G.,  Philadelphia,  Pennsylyania  (1). 
Murray,  David,  New  Brunswick,  New  Jersey  (11). 
Myers,  W.  H.,  Fort  Wayne,  Indiana  (17). 

Nason,  Henry  B.,  Troy,  New  York  (13). 

Nelson,  Cleland  K.,  Annapolis,  Maryland  (12). 

Newberry,  J.  S.,  New  York,  New  York  (5). 

Newcomb,  Simon,  Washington,  District  of  Columbia  (18). 
♦Newton,  E.  H.,  Cambridge,  New  York  (1).  , 

Newton,  Hubert  A.,  New  Haven,  Connecticut  (6). 

Newton,  John,  Pensacola,  Florida  (7). 

Nichols,  Charles  A.,  Providence,  Rhode  Island  (17). 

Nicfiols,  William  R.,  Boston,  Massachusetts  (18). 

Nickel,  George  D.,  Connellsville,  Pennsylvania  (19). 
•NicoUett,  J.  N.,  Washington,  District  of  Columbia  (1). 

Niles,  W.  H.,  Cambridge,  Massachusetts  (16). 
♦Norton,  J.  P.,  New  Haven,  Connecticut  (1). 

Norton,  W.  A.,  New  Haven,  Connecticut  (6). 

o. 

♦Oakes,  William,  Ipswich,  Massachusetts  (1). 

Ogden,  Mahlon  D.,  Chicago,  Illinois  (17). 

Ogden,  W.  B.,  Chicago,  Illinois  (17). 

Oliver,  James  Edward,  Lynn,  Massachusetts  (7). 
♦Olmsted,  Alexander  F.,  New  Haven,  Connecticut  (4). 
♦Olmsted,  Denison,  New  Haven,  Connecticut  (1). 
♦Olmsted,  Denison,  Jr.,  New  Haven,  Connecticut  (1). 

Ordway,  John  M.,  Boston,  Massachusetts  (9). 

Orton,  Edward,  Yellow  Springs,  Ohio  (19). 

Orton,  James,  Poughkeepsie,  New  York  (18). 
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Osborne,  A.  O.,  WaterviJle,  New  York  (19). 

Osborne,  Ada  M.,  WaterviUe,  New  York  (19> 

Osten,  Sacken,  Baron  R.  Ton,  New  York,  New  York  (10). 


Packard,  A.  S.,  Jr.,  Salem,  Kassachosetts  (16). 
Page,  Peter,  Chicago,  Illinois  (17). 
Paine,  Cyrus  F.,  Rochester,  New  York  (12). 
Paine,  Nathaniel,  Worcester,  Kassachosetts  (18). 
Painter,  Biinshall,  Lima,  PennsyWania  (7). 
*Parkman,  Samnel,  Boston,  Massachusetts  (1). 
Parmelee,  Dubois  D.,  New  York,  New  York  (15). 
Parry,  Charles  C,  Washington,  District  of  Columbia  (6). 
Patton,  William  W.,  Chicago,  Illinois  (18). 
Peabody,  S.  H.,  Chicago,  Illinois  (17). 
Peck,  W.  A.,  Troy,  New  York  (19). 
Peckham,  S.  F.,  Proyidence,  Rhode  Island  (18). 
Peiroe,  Bei^amin,  Cambridge,  Massachusetts  (1). 
Peuroe,  B.  O.,  Beverly,  Massachusetts  (18). 
Perkins,  George  H.,  Burlington,  Vermont  (17). 
Perkins,  George  R.,  Utica,  New  York  (7). 
Perkins,  Henry  C,  Newburyport,  Massachusetts  (18). 
Perkins,  Maurice,  Schenectady,  New  York  (15). 
Perry,  John  B.,  Cambridge,  Massachusetts  (16). 
♦Perry,  M.  C,  New  York,  New  York  (10). 
Phelps,  Almira  L.,  Baltimore,  Maryland  (18). 
Phelps,  Charles  E.,  Baltimore,  Maryland  (18). 
Phippen,  George  D.,  Salem,  Massachusetts  (18). 
Pickering,  Edward  C,  Boston,  Massachusetts  (18). 
♦Plumb,  Ovid,  Salisbury,  Connecticut  (9). 
Pope,  Charles  A.,  St.  Louis,  Missouri  (12). 
♦Porter,  John  A.,  New  Haven,  Connecticut  (14). 
Pourtales,  L.  F.,  Washington,  District  of  Columbia  (1). 
Powell,  Edwin,  Chicago,  Illinois  (17). 
Pratt,  William  H.,  Davenport,  Iowa  (17). 
Prentiss,  A.  N.,  Ithaca,  New  York  (17). 
Prescott,  William,  Concord,  New  Hampshire  (1). 
Prnyn,  J.  V.  L.,  Albany,  New  York  (1), 
♦Pugh,  Evan,  Centre  Co.,  Pennsylvania  (14). 
Pumpelly,  Raphael,  Cambridge,  Massachusetts  (17). 
Putnam,  Adelaide  M.,  Salem,  Massachusetts  (19). 
Putnam,  F.  W.,  Salem,  Massachusetts  (10). 

Q. 

Quincy,  Edmund,  Jr.,  Boston,  Massachusetts  (11). 

R. 

Ranch,  J.  H.,  Chicago,  Illinois  (11). 
Raymond,  R.  W.,  New  York,  New  York  (15), 
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digitized  by  Google 


XXXIV  MTgTWR-R'Ra    OF 

Read,  Daniel,  Columbia,  Missouri  (17). 

Bedfield,  John  H.,  Philadelphia,  Pennsjlyania  (1). 
♦Bedfield,  WilHam  C,  New  York,  New  York  (1). 

Reybold,  Mary,  Delaware  City,  Delaware  (19). 

Rice,  William  N.,  Middletown,  Connecticut  (18). 

Riley,  Charles  V.,  St.  Louis,  Missouri  (17). 

Ritchie,  E.  S.,  Boston,  Massachusetts  (10). 

Robertson,  Thomas  D.,  Rockford,  Illinois  (10). 

Rochester,  Thomas  F.,  BuflBilo,  New  York  (15). 

Rockwell,  Alfred  P.,  New  Haven,  Connecticut  (10). 

Rockwell,  John,  La  Salle,  Illinois  (11). 
^Rockwell,  John  A.,  Norwich,  Connecticut  (10). 

Rockwell,  Joseph  P.,  Boston,  Massachusetts  (17). 

Rogers,  Fairman,  Philadelphia,  Pennsylvania  (11). 
^Rogers,  James  B.,  Philadelphia,  Pennsylvania  (1). 

Rogers,  Robert  E.,  Philadelphia,  Pennsylvania  (18). 

Rogers,  W.  A.,  Alfred  Centre,  New  York  (16). 

Rogers,  W.  B.,  Boston,  Massachusetts  (1). 

Rood,  O.  N.,  New  York,  New  York  (14). 

Roosevelt,  Clinton,  New  York,  New  York  (11). 

Root,  Edward  W.,  Clmton,  New  York  (17). 

Rumsey,  Bronson  C,  Bufl&lo,  New  York  (15). 

Rumsey,  George  T.,  Chicago,  Illinois  (17). 

Runkle,  J.  D.,  Boston,  Massachusetts  (2). 

Rutherford,  Louis  M.,  New  York,  New  York  (18). 

Ryerson,  Joseph  T.,  Chicago,  Illinois  (17). 

Safford,  J.  M.,  Nashville,  Tennessee  (6). 
Safibrd,  Truman  H.,  Chicago,  Illinois  (18). 
Samson,  George  W.,  New  York,  New  York  (18). 
Sanborn,  Fraiicis  G.,  Boston,  Massachusetts  (18). 
Sanders,  Benjamin  D.,  Wellsburg,  West  Virginia  (19). 
Scammon,  J.  Young,  Chicago,  Illinois  (17). 
Schanck,  J.  Stillwell,  Princeton,  New  Jersey  (4). 
Schott,  Charles  A.,  Washington,  District  of  Columbia  (8). 
Scudder,  Samuel  H.,  Cambridge,  Massachusetts  (18). 
Seely,  Charles  A.,  New  York,  New  York  (18). 
Seward,  William  H.,  Auburn,  New  York  (1). 
Seymour,  W.  P.,  Troy,  New  York  (19). 
Sheafer,  P.  W.,  PottsviUe,  PennsylvanU  (4). 
Sheldon,  Edwin  H.,  Chicago,  Dlmois  (17). 
Sherwood,  Andrew,  Mansfield,  Pennsylvania  (18). 
Sias,  Solomon,  CharlotteviUe,  New  York  (10). 
Sill,  Elisha  N.,  Cuyahoga  Falls,  Ohio  (6). 
♦Sillim^n,  Beigamin,  New  Haven,  Connecticut  (1). 
Silliman,  Benjamin,  New  Haven,  Connecticut  (1). 
Silliman,  Justus  M.,  Easton,  Pennsylvania  (19). 
Smith,  A.  D.,  Providence,  Rhode  Island  (14). 
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Smith,  J.  L.,  LouiBville,  MiBsouri  (14). 
*Smith,  J.  y.,  Cincinnati,  Ohio  (6). 

Smith,  James  Y.,  Providence,  Rhode  Island  (9). 
♦Smith,  Lyndon  A.,  Newark,  New  Jersey  (9). 

Smith,  Hollin  A.,  Fond-du-Lac,  Wisconsin  (18). 

Snell,  Eben  S.,  Amherst,  Massachusetts  (2). 
♦Sparks,  Jared,  Camhridge,  Massachusetts  (2). 

Spencer,  Charies  A.,  Brooklyn,  New  York  (14).^ 

Sprague  Alhert  A.,  Chicago,  Illinois  (17). 

Spring,  Charles  H.,  Boston,  Massachusetts  (18).      , 

Squier,  B.  G.,  New  York,  New  York  (18). 

Stanard,  Benjamin  A.,  Clereland,  Ohio  (6). 

Steams,  Josiah  A.,  Boston,  Massachusetts  (10). 

Steams,  R.  £.  C,  San  Francisco,  CaUfomia  (18). 

Steiner,  Lewis  H.,  Frederick  City,  Maryland  (7). 

Stephens,  W.  H.,  Lowville,  New  York  (18). 

Stimpson,  Frederick  E.,  Boston,  Massachusetts  (18). 

Stimpson,  Thomas  M.,  Peahody,  Massachusetts  (18). 

Stimpson,  William,  Chicago,  Blinois  (12). 

Storke,  Helen  L.,  Auburn,  New  York  (19). 

Stockwell,  John  N.,  Cleyeland,  Ohio  (18). 

Stoddard,  O.  N.,  Oxford,  Ohio  (7). 

Stone,  Samuel,  Chicago,  Illinois  (17). 

Storer,  D.  H.,  Boston,  Massachusetts  (1). 

Storer,  Frank  H.,  Boston,  Massachusetts  (18). 

Stoughton,  T.  M.,  Factory  Village,  Massachusetts  (18). 

Sullivant,  W.  S.,  Columbus,  Ohio  (7). 

Swallow,  6.  C,  Columbia,  Missouri  (10). 

Swasey,  Oscar  F.,  Beverly,  Massachusetts  (17). 


♦TaUmadge,  James,  New  York,  New  York  (1). 
♦Taylor,  Richard  C,  Philadelphia,  Pennsylvania  (1). 

Tenney,  Sanborn,  Williamstown,  Massachusetts  (17). 
♦Teschemacher,  J.  E.,  Boston,  Massachusetts  (1). 

Thompson,  Aaron  R.,  New  York,  New  York  (1). 

Thompson,  Harvey  M.,  Chicago,  BJinois  (17). 

Thompson,  Robert  H.,  Troy,  New  York  (19). 
♦Thompson,  Z.,  Burlington,  Vermont  (1). 
♦Thurber,  Isaac,  Providence,  Rhode  Island  (9). 

Tillman,  S.  D.,  Jersey  City,  New  Jersey  (15). 

^I^K^ey,  Jeremiah,  Meadville,  Pennsylvania  (16). 

Tingley,  Joseph,  Greencastle,  Indiana  (14). 

Tolles,  Robert  B.,  Boston,  Massachusetts  (16). 

Torrey,  John,  New  York,  New  York  (1). 
♦Totten,  J.  G.,  Washington,  District  of  Columbia  (1). 

Townsend,  Franklin,  Albany,  New  York  (4). 
♦Townsend,  John  E.,  Philadelphia,  Pennsylvania  (1). 

Townshend,  N.  S.,  Avon,  Ohio  (17). 
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Tracy,  John  F.,  Chicago,  IHinois  (17). 

Trembly,  J.  B.,  Toledo.  Ohio  (17). 
♦TrooBt,  Gerard,  Nashville,  Tennessee  (1). 

Trowbridge,'W.  P.,  New  Haven,  Connecticat  (10). 

True,  Nathaniel  T.,  Bethel,  liaine  (17). 
^Tuomej,  M.,  Tuscaloosa,  Alabama  (1). 

Turner,  B.  S.,  Reading,  Pennsylvania  (18). 

Tuttle,  Albert  H.,  Clev^and,  Ohio  (17). 

Twining,  A.  C,  New  Haven,  Connecticut  (18). 
«Tyler,  Edward  R.,  New  Haven,  Connecticut  (1). 

Tyson,  Philip  T.,  Baltimore,  Maryland  (12). 

u. 

Uhler,  Philip  R.,  Baltimore,  Maryland  (19). 
XJpham,  J.  Baxter,  Boston,  Massachusetts  (14). 
Upton,  George  P.,  Chicago,  Illinois  (17). 


Van,  Hugh  D.,  Philadelphia,  Pennsylvania  (18). 
♦Vancleve,  John  W.,  Dayton,  Ohio  (1). 

Van  der  Weyde,  P.  H.,  New  York.  New  York  (17). 

Van  Home,  W.  C,  Chicago,  Illinois  (19). 
♦Vanuxem,  Lardner,  Bristol,  Pennsylvania  (1). 

Vaux,  William  S.,  Philadelphia,  Pennsylvania  (1). 

Verrill,  A.  E.,  New  Haven,  Connecticut  (16). 

Vose,  George  L.,  Minneapolis,  Minnesota  (16). 

w. 

Waddell,  John  N.,  Oxford,  Mississippi  (17). 
*Wadsworth,  James  S.,  Grenesee,  New  York  (2). 
•Wagner,  Tobias,  Philadelphia,  Pennsylvam'a  (9). 

Walker,  George  C,  Chicago,  Illinois  (17). 

Walker,  J.  R.,  New  Orleans,  Louisiana  (19). 
♦Walker,  Joseph,  Oxford,  New  York  (10). 
•Walker,  Sears  C,  Washington,  District  of  Colimibia  (1). 
♦Walker,  Timothy,  Cincinnati,  Ohio  (4). 

Walling,  H.  F.,  Easton,  Pennsylvania  (16). 

Wanzer,  Ira,  Lanesville,  Connecticut  (18). 

Ward,  Henry  A.,  Rochester,  New  York  (18). 

Ward.  R.  H..  Troy,  New  York  (17). 

Warder,  Robert  B.,  Champaign,  Illinois  (19). 

Warner,  James  D.,  Brooklyn,  New  York  (18). 
'    Warren,  G.  K.,  Washington,  District  of  Columbia  (12). 

Warren,  G.  W.,  Boston,  Massachusetts  (18). 
♦Warren,  John  C,  Boston,  Massachusetts  (1). 

Warren,  S.  Edward,  Troy,  New  York  (17). 

Watson,  James  C,  Ann  Arbor,  Michigan  (18). 

Watson,  William,  Boston,  Massaclmsetts  (12). 

Webb,  Beigamin,  Jr.,  Salem,  Massachusetts  (18). 
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♦Webster,  H.  B.,  Albany,  New  York  (1). 
♦Webster,  J.  W.,  Cambridge,  Massachusetts  (1). 
♦Webster,  M.  H.,  Albany,  New  York  (1). 

Webster,  Nathan  B.,  Norfolk,  Virginia  (7). 

Wells,  Daniel  H.,  New  Haren,  Connecticut  (18). 

Wells,  George  A.,  Troy,  New  York  (19). 

Wendell,  August,  Troy,  New  York  (19). 

Wenz,  J.,  New  Orleans,  Louisiana  (16). 

West,  Charles  E.,  Brooklyn,  New  York  (1). 

Wheatland,  Henry,  Salem,  Massachusetts  (1). 
♦Wheatland,  Richard  H.,  Salem,  Massachusetts  (18) 

Wheatley,  Charles  M.,  PhoBnizyille,  Pennsylyania  (1). 

Wheeler,  T.  B.,  Montreal,  Canada  (11). 

Wheildon,  W.  W.,  Charlestown,  Massachusetts  (13). 

White.  C.  A.,  Iowa  City,  Iowa  (17). 

Whitfield,  R.  P.,  Albany,  New  York  (18). 

Whitney,  Asa,  Philadelphia,  Pennsylvania  (1). 

Whitney,  J.  D.,  Cambridge,  Massachusetts  (1). 

Whitney,  Mary  W.,  Waltham,  Massachusetts  (19). 

Whitney, William  D.,  New  Haven,  Connecticut  (12). 

Whittlesey,  Charles,  Cleveland,  Ohio  (1). 

Wilber,  G.  M.,  Pine  Plains,  New  York  (19). 
♦Willard,  Emma,  Troy,  New  York  (16). 

Williams,  Henry  W.,  Boston,  Massachusetts  (11). 

Williams,  H.  S.,  New  Haven,  Connecticut  (18). 

Williamson,  R.  S.,  San  Francisco,  California  (12). 

Wilson,  Charles  L.,  Chicago,  Illinois  (17). 

Winchell,  Alexander,  Ann  Arbor,  Michigan  (8). 

Winchell,  N.  H.,  Ann  Arbor,  Michigan  (19). 

Winslow,  Ferdinand  S.,  Chicago,  Illinois  (17). 
♦Woodbury,  L..  Portsmouth,  New  Hampshire  (1). 

Woodworth,  John  M.,  Chicago,  Illinois  (17). 

Worthen,  A.  H.,  Springfield,  Illinois  (6). 

Wright,  A.  W.,  Williamstown,  Massachusetts  (14). 

Wright,  Chauncey,  Cambridge,  Massachusetts  (9). 
♦Wright,  John,  Troy,  New  York  (1). 

Wurtele,  Louis  C,  Acton  Yale,  Canada  East  (11). 

Wurtz,  Henry,  New  York,  New  York  (10). 

Wyman,  Jeffries,  Cambridge,  Massachusetts  (1). 


Youmans,  E.  L.,  New  York,  New  York  (6). 
Young,  Charles  A.,  Hanover,  New  Hampshire  (18). 
♦Young,  Ira,  Etanover,  New  Hampshire  (7). 
Yonng,  WiUiam  H.,  Troy,  New  York  (19). 


TtaiB  Uflt  containB  six  hundred  and  fiftj  names,  of  which  one  hundred  and  twenty-two  are  of 
decesfled  members.  The  names  of  those  who  were  chosen  at  Indianapolis,  and  who  have  already 
joined  the  Association,  have  not  yet  been  Incorporated  into  the  general  catalogue  of  members,  but 
axe  printed  separately. 
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Ains worth,  Frank  B.,  Plainfield,  Indiana. 
Alexander,  John  S.,  Philadelphia,  Pennsylyania. 
Austin,  Thomas  R.,  Terre  Haute,  Indiana. 
Avery,  Alida  C,  Poughkeepsie,  New  York. 
Aydelotte,  William,  Sullivan,  Indiana. 

Barnard,  Jehiel,  Indianapolis,  Indiana. 
Bassett,  George  W.,  Yandalia,  Illinois. 
Bell,  Eliza  C,  Indianapolis,  Indiana. 
Bell,  James  D.,  New  York,  New  York. 
Berry,  Daniel  M.,  Indianapolis,  Indiana. 
Billingsley,  J.  J.  W.,  Spring  Valley,  Indiana. 
Boadle,  John,  Haddonfield,  New  Jersey. 
Bowen,  Silas  T.,  Indianapolis,  Indiana. 
Bowman,  Thomas,  Greencastle,  Indiana. 
Braden,  William,  Indianapolis,  Indiana. 
Breneman,  A.  A.,  Agricultural  College,  Pennsylvania. 
Brewer,  W.  H.,  New  Haven,  Connecticut. 
Buckhout,  W.  A.,  Agricultural  College»  Pennsylvania. 
Bullard,  William  M^,  Indianapolis,  Indiana. 
Burford,  William  B.,  Indianapolis,  Indiana. 
Burgess,  Ahby  L.,  Oxford,  Ohio. 

Carrier,  Joseph  C,  Notre  Dame,  Indiana. 
Carrington,  Henry  B.,  Crawfordsville,  Indiana. 
Carson,  James  P.,  New  York,  New  York. 
Cofflnberry,  W.  L.,  Grand  Rapids,  Michigan. 
Colgan,  Charles  J.,  Indianapolis,  Indiana. 
Coulson,  Mary,  Mason,  Ohio. 


Digitized  by  VjOOQIC 


MBMBEBS   OF   THE   ASSOCIATIOIT.  XXXIX 

Dana,  Charles  P.,  New  York,  New  York- 

Daris,  F,  A.  W.,  Indianapolis,  Indiana. 

Day,  F.  H.,  Wauwatosa,  Wisconsin. 

Day,  Henry,  Indianapolis,  Indiana. 

Day,  Henry,  Indianapolis,  Indiana. 

Dodge,  Anna,  Indianapolis,  Indiana. 

Dolbear,  A.  Emerson,  Bethany,  West  Virginia. 

Edgar,  George  M.,  Franklin,  Kentucky. 
Edwards,  William  K.,  Terre  Haute,  Indiana. 
Elliott,  Thomas  B.,  Indianapolis,  Indiana. 
English,  Rose,  Indianapolis,  Indiana. 
English,  William  E.,  Indianapolis,  Indiana.  * 
English,  William  H.,  Indianapolis,  Indiana. 

Farlow,  W.  G.,  Camhridge,  Massachnsetta. 
Ferguson,  James,  Ashhoro,  Indiana. 
Ficklin,  Joseph,  Colnmhia,  Missouri. 
Fishback,  W.  P.,  Indianapolis,  Indiana. 
Fisher,  Clark,  Trenton,  New  Jersey. 
Fletcher,  Ingram,  Indianapolis,  Indiana. 
Fletcher,  William  B.,  Indianapolis,  Indiana. 

Garman,  S.  W.,  Holly  Springs,  Mississippi. 
Gilpatrick,  John  L.,  Gosport,  Indiana. 
GK)rdon,  George  E.,  Indianapolis,  Indiana. 
Greer,  James,  Dayton,  Ohio. 

Hagar,  Albert  D.,  St.  Louis,  Missouri. 
Harvey,  Charles  W.,  Greensburg,  Indiana. 
Hawley,  C.  T.,  Biilwaukee,  Wisconsin. 
Hawley,  B.  E.,  Cincinnati,  Ohio. 
HiU,  J.  A.,  Greencastle,  Indiana. 
Hobbs,  William  Henry,  Indianapolis,  Indiana. 
Holmes,  Thomas,  Merom,  Indiana. 
Hopkins,  Frederick  Y.,  Baton  Rouge,  Louisiana. 
Hosford,  Charles  E.,  Terre  Haute,  Indiana. 
HoYey,  Edmund  O.,  CrawfordsviUe,  Indiana. 
HoYey,  Mary  F.,  Manhattan,  Kansas. 
Humphreys,  A.  W.,  New  York,  Ne»r  York. 
Hunt,  Sarah  E.,  Salem,  Massachusetts. 
Hunter,  Morton  C,  Bloomington,  Indiana. 

Jackson,  C.  L.,  Cambridge,  Massachusetts. 

Kinder,  Sarah,  Indianapolis,  Indiana. 
Kneeland,  Samuel,  Boston,  Massachusetts. 
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Landon,  S.  D.,  Attica,  Indiana. 
Locke,  Erie,  Indianapolis,  Indiana. 
Lyon,  James  A.,  Oxford,  Mississippi. 
Lyon,  Sidney  S.,  Jefiersonyille,  Indiana. 

Maclntire,  Thomas,  Indianapolis,  Indiana. 

McChesnej,  Joseph  H.,  Chicago,  Illinois. 

McDonald,  J.  D.,  Attica,  Indiana. 

McEeen,  William  B.,  Terre  Haute,  Indiana.  I 

McRae,  Hamilton  S.,  Muncie,  Indiana.  ' 

McWhorter,  Tyler,  Aledo,  Illinois. 

Malone,  Darid  R.,  Edinborg,  Indiana. 

Mendenhall,  T.  G.,  tfolmnbus,  Ohio. 

Merritt,  George,  Indianapolis,  Indiana. 

Metcalf,  Caleb  B.,  Worcester,  Massachusetts. 

MiUs,  Isaac,  F.,  Wabash,  Indiana. 

Mills,  Joseph  J.  Wabash,  Indiana. 

Minshall,  D.  W.,  Terre  Haute,  Indiana. 
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OF 

THOMAS      STERRY     HUNT, 

EX-PBBSIDENT  OF  THE   ASSOCIATION. 


Ms.  Pkesident,  Ain)  Gentlemen  of  the  American  Associa- 
tion FOB  THE  Advancement  of  Science:  — 

In  coming  before  yon  this  ey^ning,  my  first  duty  is  to  announce 
the  death  of  Professor  William  Chauvenet.  This  sad  event  was 
not  unexpected,  since,  at  the  time  of  his  election  to  the  presidency 
of  the  Association,  at  the  close  of  our  meeting  at  Salem,  in  August, 
1869,  it  was  already  feared  that  failing  health  would  prevent  him 
from  meeting  with  us  at  Troy,  in  1870.  This,  as  you  are  aware, 
was  the  case,  and  I  was  therefore  called  to  preside  over  the  Asso- 
ciation in  his  stead.  In  the  autunm  of  1869,  he  was  compelled  by 
illness  to  resign  his  position  of  Chancellor  of  the  Washington  Uni- 
versity of  St.  Louis,  and  in  December  last  died  at  the  age  of  fifty 
years,  leaving  behind  him  a  record  to  which  science  and  his  country 
may  point  with  just  pride.  During  his  connection  of  fourteen  years 
with  the  Naval  Academy  at  Annapolis  he  was  the  chief  instrument 
in  building  up  that  institution,  which  he  left  in  1869  to  take  ^he 
chair  of  Astronomy  and  Mathematics  at  St.  Louis,  where  his  re- 
markable qualities  led  to  his  selection,  in  1862,  for  the  post  of 
chancellor  of  the  university,  which  he  filled  with  great  credit  and 
usefulness  up  to  the  time  of  his  resignation.*  It  is  not  for  me  to 
pronounce  the  eulogy  of  Professor  Chauvenet,  to  speak  of  his  pro- 
found attainments  in  astronomy  and  mathematics,  or  of  his  pub- 
lished works,  which  have  already  taken  rank  as  classics  in  the 
literature  of  these  sciences.  Others  more  familiar  with  his  field 
of  labor  may  in  proper  time  and  place  attempt  the  task.  All  who 
knew  him  can,  however,  join  with  me  in  testifying  to  his  excellencies 
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as  a  man,  an  instructor,  and  a  friend.  In  his  assiduous  devotion 
to  scientific  studies  he  did  not  neglect  the  more  elegant  arts,  but 
was  a  skilful  musician,  and  possessed  of  great  general  culture  and 
refinement  of  taste.  In  his  social  and  moral  relations  he  was 
marked  by  rare  elevation  and  purity  of  character,  and  has  left  to 
the  world  a  standard  of  excellence  in  every  relation  of  life  which 
few  can  hope  to  attain. 

In  accordance  with  our  custom,  it  becomes  my  duty  in  quitting 
the  honorable  position  of  president,  which  I  have  filled  for  the 
past  year,  to  address  you  upon  some  theme  which  shall  be  ger- 
mane to  the  objects  of  the  Association.  The  presiding  ofiicer,  as 
you  are  aware,  is  generally  chosen  to  represent  alternately  one  of 
the  two  great  sections  into  which  the  members  of  the  Association 
are  supposed  to  be  divided ;  viz.,  the  students  of  the  natural-his- 
tory sciences  on  the  one  hand,  and  of  the-  physico-mathematical 
and  chemical  sciences  on  the  other.  The  aiTangement  by  which, 
in  our  organization,  geology  is  classed  with  the  natural-history 
division,  is  based  upon  what  may  fairly  be  challenged  as  a  some- 
what narrow  conception  of  its  scope  and  aims.  While  theoretical 
geology  investigates  the  astronomical,  physical,  chemical,  and  bio- 
logical laws  which  have  presided  over  the  development  of  our 
earth,  and  while  practical  geology  or  geognosy  studies  its  natural 
history,  as  exhibited  in  its  physical  structure,  its  mineralogy,  and 
its  paleontology,  it  will  be  seen  that  this  comprehensive  science  is 
a  stranger  to  none  of  the  studies  which  are  included  in  the  plan  of 
our  Association,  but  rather  sits  like  a  sovereign,  commanding  in 
turn  the  services  of  all. 

As  a  student  of  geology,  I  scarcely  know  with  which  section  of 
the  Association  I  should  to-day  identify  myself.  Let  me  endeavor 
rather  to  mediate  between  the  two,  and  show  you  somewhat  of  the 
twofold  aspect  which  geological  science  presents,  when  viewed 
respectively  from  the  stand-points  of  natural  history  and  of  chem- 
istry. I  can  hardly  do  this  better  than  in  the  discussion  of  a 
subject  which  for  the  last  generation  has  afforded  some  of  the  most 
fascinating  and  perplexing  problems  for  our  geological  students ; 
viz.,  the  history  of  the  great  Appalachian  mountain  chain.  No- 
where else  in  the  world  has  a  mountain  system  of  such  geographi- 
cal extent  and  such  geological  complexity  been  studied  by  such  a 
number  of  zealous  and  learned  investigators,  and  no  other,  it  may 
be  confidently  asserted,  has  furnished  such  vast   and  important 
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results  to  geolo^cal  science.  The  laws  of  mountain  structure,  as 
revealed  in  the  Appalachians  by  the  labors  of  the  brothers  Henry 
D.  and  William  B.  Rogers,  of  Lesley,  and  of  Hall,  have  given  to 
the  world  the  basis  of  a  correct  system  of  orographic  geology,* 
and  many  of  the  obscure  geological  problems  of  Europe  become 
plain  when  read  in  the  light  of  our  American  experience.  To 
discuss  even  in  the  most  summary  manner  all  of  the  questions 
which  the  theme  suggests,  would  be  a  task  too  long  for  the  present 
occasion,  but  I  shall  endeavor  to-night,  in  the  first  place,  to  bring 
before  you  certain  facts  in  the  history  of  the  physical  structure, 
the  mineralogy,  and  the  paleontology  of  the  Appalachians;  and, 
in  the  second  place,  to  discuss  some  of  the  physical,  chemical,  and 
biological  conditions  which  have  presided  over  the  foi:mation  of 
the  ancient  crystalline  rocks  that  make  up  so  large  a  portion  of 
our  great  eastern  mountain  system. 

I.    The  Geognosy  of  the  Appalachian  System. 

The  age  and  geological  relations  of  the  crystalline  stratified  rocks 
of  eastern  North  America  have  for  a  long  time  occupied  the  at- 
tention of  geologists.  A  section  across  northern  New  York,  from 
Ogdensburg  on  the  St.  Lawrence  to  Portland  in  Maine,  shows  the 
existence  of  three  distinct  regions  of  unlike  crystalline  schists. 
These  are  the  Adirondacks  to  the  west  of  Lake  Champlain,  the 
Green  Mountains  of  Vermont,  and  the  White  Mountains  of  New 
Hampshire.  The  lithological  and  mineralogical  difierences  between 
the  rocks  of  these  three  regions  are  such  as  to  have  attracted 
the  attention  of  some  of  the  earlier  observers.  Eaton,  one  of  the 
founders  of  American  geology,  at  least  as  early  as  1832,  distin- 
guished in  his  Geological  Text-book  (2d  edition)  between  the  gneiss 
of  the  Adirondacks  and  that  of  the  Green  Mountains.  Adopting 
the  then  received  divisions  of  primary,  transition,  secondary,  and 
tertiary  rocks,  he  divided  each  of  these  series  into  three  classes, 
which  he  named  carboniferous,  quartzose,  and  calcareous ;  meaning 
by  the  first  schistose  or  argillaceous  strata,  such  as,  according  to 
him,  might  include  carbonaceous  matter.  These  three  divisions,  in 
£^t,  corresponded  to  clay,  sand,  and  lime-rocks,  and  were  supposed 
by  him  to  be  repeated  in  the  same  order  in  each  series.  This  was 
apparently  the  fii*st  recognition  of  that  law  of  cycles  in  sedimenta- 

*  Amer.  Jour.  Sci.,  II.,  xxx.  406. 
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tion  upon  which  I  afterwards  insisted  in  1863.*  Without,  so  far  as 
I  am  aware,  defining  the  relations  of  the  Adirondacks,  he  referred 
to  the  lowest  or  carboniferous  division  of  the  primary  series  the  crys- 
talline schists  of  the  Green  Mountains,  while  the  quartzites  and 
marbles  at  their  western  base  were  made  the  quartzose  and  calca^ 
reous  divisions  of  this  primary  series.  The  argillites  and  sandstones, 
lying  still  farther  westward,  but  to  the  east  of  the  Hudson  River, 
were  regarded  as  the  fii*st  and  second  divisions  of  the  transition 
series,  and  were  followed  by  its  calcareous  division,  which  seems  to 
have  included  the  limestones  of  the  Trenton  group ;  al],  of  these 
rocks  being  supposed  to  dip  to  the  westward,  and  away  from  the 
central  axis  of  the  Green  Mountains.  Eaton  does  not  appear  to 
have  studied  the  White  Mountains,  or  to  have  considered  their 
geological  relations.  They  were,  however,  clearly  distinguished 
from  the  former  by  C.  T.  Jackson  in  1844,  when,  in  his  report  on 
the  geology  of  New  Hampshire,  he  described  the  White  Moun- 
tains as  an  axis  of  primary  granite,  gneiss,  and  mica-schist,  over- 
laid successively,  both  to  the  east  and  west,  by  what  were  designated 
by  him  Cambrian  and  Silurian  rocks ;  these  names  having,  since 
the  time  of  Eaton's  publication,  been  introduced  by  English  geol- 
ogists. While  these  overlying  rocks  in  Maine  were  unaltered,  he 
conceived  that  the  corresponding  strata  in  Vermont,  on  the  western 
side  of  the  granitic  axis,  had  been  changed  by  the  action  of  intrusive 
serpentines  and  intrusive  quartzites,  which  had  altered  the  Cam- 
brian into  the  Green  Mountain  gneiss,  and  converted  a  portion  of 
the  fossiliferous  Silurian  limestones  of  the  Charaplain  valley  into 
white  marbles.t  Jackson  did  not  institute  any  comparison  be- 
tween the  rocks  of  the  White  Mountains  and  those  of  the  Adiron- 
dacks ;  but  the  Messrs.  Rogers,  in  the  same  year,  1844,  published 
an  essay  on  the  geological  age  of  the  White  Mountains,  in  which, 
while  endeavoring  to  show  their  Upper  Silurian  age,  they  speak  of 
them  as  having  been  hitherto  regarded  as  consisting  exclusively 
of  various  modifications  of  granitic  and  gneissoid  rocks,  and  as 
belonging  "to  the  so-called  primary  periods  of  geologic  time."!: 
They,  however,  considered  that  these  rocks  had  rather  the  aspect 
of  altered  paleozoic  strata,  and  suggested  that  they  might  be,  in 
part  at  least,  of  the  age  of  the  Clinton  division  of  the  New  York 

•  Amer.  Jour.  Sci.,  II.,  xxxv.  166. 
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I  Amer.  Jour.  Sci.,  II.,  i.  411. 


Digitized  by  VjOOQIC 


ADDRESS   OF  EX-PBBSIDENT   HUNT.  0 

system ;  a  view  which  was  supported  by  the  presence  of  what  were 
at  the  time  regarded  by  the  Messrs.  Rogers  as  organic  remains. 
Subsequently,  in  1847,*  they  announced  that  they  no  longer  con- 
sidered these  to  be  of  organic  origin,  without,  however^  i*etracting 
their  opinion  as  to  the  paleozoic  age  of  the  strata.  Reserving  to 
another  place  in  my  address  the  discussion  of  the  geological  age 
of  the  White  Mountain  rocks,  I  proceed  to  notice  briefly  the  dis- 
tinctive characters  of  the  three  groups  of  crystalline  strata  just 
mentioned,  which  will  be  shown  in  the  sequel  to  have  an  impor- 
tance in  geology  beyond  the  limits  of  the  Appalachians. 

I.  The  Adirondack  or  Laurentide  Series.  —  The  rocks  of  this 
series,  to  which  the  name  of  the  Laurentian  system  has  been  given, 
may  be  described  as  chiefly  firm  granitic  gneisses,  often  very 
coarse-grained,  and  generally  reddish  or  gi-ayish  in  color.  They 
are  frequently  honiblendic,  but  seldom  or  never  contain  much  mica, 
and  the  mica^schists  (often  accompanied  with  staurolite,  garnet, 
andalusite,  and  cyanite),  so  characteristic  of  the  White  Mountain 
series,  are  wanting  among  the  Laurentian  rocks.  They  are  also 
destitute  of  argillites,  which  are  found  in  the  other  two  series. 
The  quartzites,  and  the  pyrozenic  and  homblendic  rocks,  associated 
with  great  formations  of  crystalline  limestone,  with  graphite,  and 
immense  beds  of  magnetic  iron  ore,  give  a  peculiar  chai'acter  to 
portions  of  the  Laurentian  system, 

IL  The  Green  Mountain  Series,  —  The  quartzo-feldspathic  rocks 
of  this  series  are  to  a  considerable  extent  represented  by  a  fine- 
grained petrosilex  or  eurite,  though  they  often  assume  the  form  of 
a  true  gneiss,  which  is  ordinarily  more  micaceous  than  the  typical 
Laurentian  gneiss.  The  coarse-grained,  porphyritic,  reddish  varie- 
ties common  to  the  latter  are  wanting  in  the  Green  Mountains, 
where  the  gneiss  is  generally  of  pale  greenish  and  grayish  hues. 
Massive  stratified  diorites,  and  epidotic  and  chloritic  rocks,  often 
more  or  less  schistose,  with  steatite,  dark-colored  serpentines  and 
ferriferous  dolomites  and  magnesites  also  characterize  this  gneissic 
series,  and  are  intimately  associated  with  beds  of  iron  ore,  generally 
a  slaty  hematite,  but  occasionally  magnetite.  Chrome,  titanium, 
nickel,  copper,  antimony,  and  gold  are  frequently  met  with  in  this 
series.  The  gneisses  often  pass  into  schistose  micaceous  quartzites, 
and  the  argillites,  which  abound,  frequently  assume  a  soft,  unctuous 
character,  which  has  acquired  for  them  the  name  of  talcose  or 

•  Araer.  Jour.  Sci.,  11.,  v.  116. 
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nacreouB  slates,  though  analysis  shows  them  not  to  be  magnesian, 
but  to  consist  essentially  of  a  hydrous  micaceous  mineral.  They 
are  sometimes  black  and  graphitic. 

III.  The  White  Mountain  Series.  —  This  series  is  characterized 
by  the  predominance  of  well-defined  mica-schists,  interstratified 
with  micaceous  gneisses.  These  latter  are  ordinarily  light-colored, 
from  the  presence  of  white  feldspar,  and,  though  generally  fine  in 
texture,  are  sometimes  coarse-grained  and  porphyritic.  They  are 
less  strong  and  coherent  than  the  gneisses  of  the  Laurentian,  and 
pass,  through  the  predominance  of  mica,  into  mica-schists,  which 
are  themselves  more  or  less  tender  and  friable,  and  present  every 
variety,  from  a  coarse  gneiss-like  aggregate  down  to  a  fine-grained 
schist,  which  passes  into  argillite.  The  micaceous  schists  of  this 
series  are  generally  much  richer  in  mica  than  those  of  the  preced- 
ing series,  and  often  contain  a  large  proportion  of  well  defined  crys- 
talline tables  belonging  to  the  species  muscovite.  The  cleavage 
of  these  micaceous  schists  is  generally,  if  not  always,  coincident 
with  the  bedding,  but  the  plates  of  mica  in  the  coarser-grained 
varieties  are  often  arranged  at  various  angles  to  the  cleavage  and 
bedding  plane,  showing  that  they  were  developed  after  sedimenta- 
tion, by  crystallization  in  the  mass ;  a  circumstance  which  distin- 
guishes them  from  rocks  derived  from  the  iniins  of  these,  which  are 
met  with  in  more  recent  series.  The  White  Mountain  rocks  also 
include  beds  of  micaceous  quartzite.  The  basic  silicates  in  this 
series  are  represented  chiefiy  by  dark-colored  gneisses  and  schists, 
in  which  hornblende  takes  the  place  of  mica.  These  pass  occa- 
sionally into  beds  of  dark  hornblende-rock,  sometimes  holding 
garnets.  Beds  of  crystalline  limestone  occasionally  occur  in  the 
schists  of  the  White  Mountain  series,  and  are  sometimes  accom- 
panied by  pyroxene,  garnet,  idocrase,  sphene,  and  graphite,  as  in 
the  corresponding  rocks  of  the  Laurentian,  which  this  series,  in  its 
more  gneissic  portions,  closely  resembles,  though  apparently  dis- 
tinct geognostically.  The  limestones  are  intimately  associated 
with  the  highly  micaceous  schists  containing  staurolite,  andalusite, 
cyanite,  and  garnet.  These  schists  are  sometimes  highly  plumbag- 
inous, as  seen  in  the  graphitic  mica-schist  holding  garnets  in 
Nelson,  New  Hampshire,  and  that  associated  with  cyanite  in  Corn- 
wall, Conn.  To  this  third  series  of  crystalline  schists  belong  the 
concretionary  granitic  veins  abounding  in  beryl,  tourmaline,  and 
lepidolite,  and  occasionally  containing  tinstone  and  columbite. 
Granitic  veins,  in  the  Laurentian  gneisses  frequently  contain  tour- 
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xnaline,  but  have  not,  so  far  as  yet  known,  yielded  the  other  min- 
eral species  just  mentioned.* 

Keeping  in  mind  the  characteristics  of  these  thrge  series,  it  will 
be  easy  to  trace  them  southward,  by  the  aid  of  the  concise  and  ac- 
curate descriptions  which  Prof.  H.  D.  Rogers  has  given  us  of  the 
rocks  of  Pennyslvania.  In  his  report  on  the  geology  of  this  State 
he  has  distinguished  three  districts  of  various  crystalline  schists, 
which  are  by  him  included  together  under  the  name  of  gneissic 
or  hypozoic  rocks.  Of  these  districts,  the  most  northern,  or  the 
South  Mountain  belt,  to  the  north-west  of  the  Mesozoic  basin,  is 
said  to  be  the  continuation  of  the  Highlands  of  New  York  and  New 
Jersey,  which,  crossing  the  Delaware  near  Easton,  is  continued 
southward  through  Pennsylvania  and  Maryland  into  Virginia, 
where  it  appears  in  the  Blue  Ridge.  The  gneiss  of  this  district 
in  Pennsylvania  is  described  as  differing  considerably  from  that  of 
the  southernmost  district,  being  massive  and  granitoid,  often  hom- 
blendic,  with  much  magnetic  iron,  but  destitute  of  any  consider- 
able beds  of  micaceous,  talcose,  or  chloritic  slate,  which  mark  the 
rocks  of  the  southern  district.  These  characters  are  sufficient  to 
show  that  the  gneiss  of  this  northern  district  is  lithologically  as 
well  as  geognostically  identical  with  that  of  the  Highlands,  and 
belongs  like  it  to  the  Adirondack  or  Laurentian  system  of  crystal- 
line rocks.  The  gneiss  of  the  middle  district  of  Pennsylvania,  to 
the  south  of  the  Mesozoic,  but  north  of  the  Chester  valley,  is  de- 
scribed by  Rogers  as  resembling  that  of  the  South  Mountain  or 
northern  district,  and  to  consist  chiefly  of  white  feldspathic  and 
dark  homblendic  gneiss,  with  very  little  mica,  and  with  crystalline 
limestones. 

The  gneiss  of  the  third  or  southern  district,  that  Ijdng  to  the 
south  of  the  Montgomery  and  Chester  valleys,  comes  from  beneath 
the  Mesozoic  of  New  Jersey,  about  six  miles  north-east  of  Trenton, 
and,  stretching  south-westward,  occupies  the  southern  border  of 
Pennsylvania,  extending  into  Delaware  and  Maryland.  It  is  sub- 
divided by  Rogers  into  three  belts;  the  fli*st  or  southernmost 
of  these,  passing  through  Philadelphia,  consists  of  alternations  of 
dark  homblendic  and  highly  micaceous  gneiss,  with  abundance 
of  mica-slate,  sometimes  coarse-grained,  and  at  other  times  so  fine- 
grained as  to  constitute  a  sort  of  whet-slate.  To  the  north-west- 
ward the  strata  become  still  more  micaceous,  with  garnets  and 

*  Hunt,  Notes  on  Granitic  Rocks.    Amer.  Jour.  Sci.,  III.,  i.  182. 
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beds  of  homeblende  slate,  till  we  reach  the  second  subdivision, 
which  consists  of  a  great  belt  of  highly  talcose  and  micaceous 
schists,  with  steatite  and  serpentine,  and  is  in  its  turn  succeeded 
by  a  third,  narrow  belt  resembling  the  less  micaceous  members 
of  the  first  or  southernmost  subdivision.  The  micaceous  schists  of 
this  region  abound  in  staurolite,  garnet,  cyanite,  and  corundum, 
and  are  traversed  by  numerous  irregular  granitic  veins  containing 
beryl  and  tourmaline.  All  of  these  characters  lead  us  to  refer  the 
gneiss  of  this  southern  district  to  the  third  or  White  Mountain 
series,  with  the  exception  of  the  middle  subdivision,  which  presents 
the  aspect  of  the  second  or  Green  Mountain  series. 

Above  the  hypozoic  gneisses  Rogers  has  placed  his  azoic  or 
semi-metamorphic  series,  which  is  traceable  from  the  vicinity  of 
Trenton  to  the  Schuylkill,  along  the  northern  boundary  of  the 
southern  hypozoic  gneiss  district.  This  series  is  supposed  by 
Rogers  to  be  an  altered  form  of  the  primal  sandstones  and  slates, 
and  is  described  as  consisting  of  a  feldspathic  quartzite  or  eurite, 
containing  in  some  cases  porphyritic  beds  with  crystals  of  feldspar 
and  hornblende,  together  with  various  crystalline  schists ;  includ- 
ing, in  fact,  the  whole  of  the  great  serpentine  belt  of  Montgomery, 
Chester,  and  Lancaster  counties,  with  its  steatites,  homblendic, 
dioritic,  chloritic,  and  micaceous  schists  (often  garnet-bearing), 
together  with  a  band  of  argillite,  affording  roofing-slates.  With 
this  great  series  are  associated  chromic  and  titanic  iron,  and  ores 
of  nickel  and  copper.  Veins  of  albite  with  corundum  also  inter- 
sect this  series  near  TJnionville.  We  are  repeatedly  assured  by 
Rogers  that  these  rocks  so  much  resemble  the  underlying  hypozoic 
gneiss,  as  to  be  readily  confounded  with  them ;  and  when  compared 
with  the  latter,  as  displayed  in  the  southern  district,  it  is  dijfficult 
to  believe  that  we  have  in  this  so-called  azoic  or  metamorphic 
series  of  the  Montgomery  and  Chester  valleys,  any  thing  else  than 
a  repetition  of  these  same  crystalline  schists  which  have  been  de- 
scribed along  their  southern  boundary,  representing  the  Green 
Mountain  and  the  White  Mountain  series.  We  thus  avoid  the  dif- 
ficulty of  supposing  that  we  have  in  this  region  two  sets  of  ser- 
pentinic  rocks,  and  two  of  mica-schists,  lithologically  similar,  but 
of  widely  difierent  ages,  —  a  conclusion  highly  improbable.  It 
should  be  said  that  Rogers,  in  accordance  with  the  notions  then 
generally  received,  looked  upon  serpentine  as  an  eruptive  rock, 
which  had  altered  the  adjacent  strata,  converting  the  mica-schists 
into  steatitic  and  chloritic  rocks. 
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This  so-called  azoic  series,  according  to  Rogers,  underlies  the 
auroral  limestone  of  Pennsylvania,  thus  apparently  occupying  the 
horizon  of  the  primal  paleozoic  division  or  Potsdam  series.  We 
find,  however,  in  his  report  on  the  geology  of  the  State,  no  satis- 
fectory  evidence  of  the  identity  of  the  two  series.  On  the  con- 
trary, a  very  different  conclusion  would  seem  to  follow  from  certain 
fisu^  there  detailed.  The  azoic  or  so-called  metamorphic  primal 
strata  are  said  to  have  a  very  uniform,  nearly  vertical,  dip,  or  with 
high  angles  to  the  southward,  while  the  micaceous  and  gneissic 
strata  of  the  northern  subdivision  of  the  southern  district  of  so- 
called  hypozoic  rocks,  limiting  these  last  to  the  south,  present 
either  minute  local  contortions  or  wide  gentle  undulations,  with 
comparatively  moderate  dips,  for  the  most  part  to  the  northward.* 
From  this,  I  think  we  may  infer  that  the  nearly  vertical  strata  must 
be,  in  truth,  older  underlying  rocks,  belonging,  not  to  the  paleozoic 
system,  but  to  our  second  series  of  crystalline  schists.  We  con- 
clude, then,  that  while  the  gneisses  to  the  north-west,  and  probably 
those  along  the  south-east  rim  of  the  Mesozoic  basin  of  Pennsyl- 
vania are  Laurentian,  the  great  valley  southward  to  the  Delaware 
is  occupied  by  the  rocks  of  the  Green  Mountain  and  White  Moun- 
tain series.  The  same  two  types  of  rocks,  extending  to  the  north- 
east, are  developed  about  New  York  city,  in  the  mica-schists  of 
Manhattan,  and  the  serpentines  of  Staten  Island  and  Hoboken  ; 
while  in  the  range  of  the  Highlands,  the  gneiss  belt  of  the  South 
Mountain  crosses  the  Hudson  river. 

The  three  series  of.  gneissic  rocks  which  we  have  distinguished 
in  our  section  to  the  northward,  have,  in  south-eastern  New  York, 
as  in  Pennsylvania,  been  grouped  together  in  the  primary  system, 
and  may  thence  all  be  traced  into  Western  New  England.  In  Dr. 
Percival's  Greolo^cal  Report  and  Map  of  Connecticut,  published  in 
1840,  it  will  be  seen  that  he  refers  to  the  gneiss  of  the  Highlands 
two  gneissic  areas  in  Litchfield  county ;  the  one  occupying  parts  of 
Cornwall  and  Ellsworth,  and  the  other  extending  from  Torrington, 
northward  through  Winchester,  Norfolk,  and  Colebrooke  into  Berk- 
shire county,  Massachusetts.  Farther  investigations  may  confirm 
the  accuracy  of  Perdval's  identification,  and  show  the  Laurentian 
age  of  these  New  England  gneisses,  a  view  which  is  apparently  sup- 
ported by  the  mineralogical  characters  of  some  of  the  rocks  in  this 
region.    Emmons  informs  us  that  primary  limestones  with  graphite 

*  Bogert,  Geology  of  Pennsylyania,  I.,  pp.  6^-74,  and  164-158. 
A.  ▲.  A.  s.  VOL.  XX.  2 
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(perhaps  Laurentian)  are  met  with  in  the  Hoosic  range  in  Massa- 
chusetts east  of  the  Stockbridge  (Taconic)  limestones. 

The  rocks  of  the  second  series  are  traceable  from  south-western 
Connecticut  northward  to  the  Green  Mountains  in  Vermont,  and 
the  micaceous  schists  and  gneisses  of  the  third  or  White  Mountain 
series  are  found  both  to  the  east  and  the  west  of  the  Mesozoic  yaU 
ley  in  Connecticut  and  Massachusetts.  They  also  occupy  a  con- 
siderable area  in  eastern  Vermont,  where  they  are  separated  from 
the  White  Mountain  range  by  an  outcrop  of  rocks  of  the  second 
series.  To  the  south-east  of  the  White  Mountains,  along  our  line  of 
section,  the  same  micarschists  and  gneisses,  often  with  very  mod- 
erate dips,  extend  as  far  as  Portland,  Maine,  where  they  are  inter- 
rupted by  the  outcropping  of  greenish  chloritic  and  chromiferous 
schists,  in  nearly  vertical  beds,  which  appear  to  belong  to  the 
second  series. 

I  find  that  the  strata  of  the  second  series  appear  from  beneath 
the  carboniferous  at  Newport,  Rhode  Island,  in  a  nearly  vertical 
attitude,  and  also  in  the  vicinity  of  Boston  and  Brighton,  Saugus 
and  Lynnfield.  Their  relations  in  this  region  to  the  gneisses  with 
crystalline  limestones  of  Chelmsford,  &c.,  which  I  have  referred  to 
the  Laurentian  series,*  have  yet  to  be  determined. 

We  have  already  mentioned  that  the  crystalline  rocks  of  Penn- 
sylvania pass  into  Maryland  and  Virginia,  where,  as  H.  D.  Rogers 
informs  us,  they  appear  in  the  mountains  of  the  Blue  Ridge.  It 
remains  to  be  seen  whether  the  three  types  which  we  have  pointed 
out  in  Pennsylvania  are  to  be  recognized  in  this  region.  A  great 
belt  of  crystalline  schists  extends  from  Virginia  through  North 
and  South  Carolina,  and  into  eastern  Tennessee,  where,  according 
to  Safibrd,  these  rocks  underlie  the  Potsdam.  It  is  easy,  from  the 
reports  of  Lieber  on  the  geology  of  South  Carolina,  to  identiiy  in 
this  State  the  two  types  of  the  Green  Mountain  and  White  Moun- 
tain series.  The  former,  as  described  by  him,  consists  of  talcose, 
chloritic,  and  epidotic  schists,  with  diorites,  steatites,  actinolite- 
rock,  and  serpentines.  It  may  be  noted  that  he  still  adheres  to  the 
i^otion  of  the  einiptive  origin  of  the  last  three  rocks,  which  the  ob- 
servations of  £mmons,  Logan,  and  myself,  in  the  Green  Mountains, 
have  shown  to  be  untenable.  These  rocks  in  South  Carolina  gen- 
erally dip  at  very  high  angles.  The  great  gneissic  area  of  Anderson 
and  Abbeville  districts  is  described  by  Lieber  as  consisting  of  fine- 

•  Amer.  Jour.  Sci.,  II.,  xlix.  76. 
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grained  gray  gneisses,  with  micaceons  and  hornblendic  schists,  and 
is  cut  by  numeroas  veins  of  pegmatite,  holding  garnet,  tourmaline, 
and  beryl.  These  rocks,  which  have  the  character  of  the  White 
Mountain  series,  appear,  from  the  incidental  observations  to  be 
found  in  Lieber's  reports,  to  belong  to  a  higher  group  than  the 
chloritic  and  serpentinic  series,  and  to  dip  at  comparatively  mod- 
erate angles. 

Professor  Emmons,  whose  attention  was  early  turned'  to  the 
geology  of  western  New  England,  did  not  distinguish  between  the 
three  types  which  we  have  defined,  but,  like  Rogers  in  Pennsylva- 
nia, included  all  the  crystalline  rocks  of  that  region  in  the  primary 
system.  It  is  to  him,  however,  that  we  owe  the  first  correct  no- 
tions of  the  geological  nature  and  relations  of  the  Green  Mountains. 
These,  he  has  remarked,  are  often  made  to  include  two  ranges  of 
hills  belonging  to  different  geological  series.  TJie  eastern  range, 
including  the  Hoosic  Mountain  in  Massachusetts,  and  Mount 
Mansfield  in  Vermont,  he  referred  to  the  primary ;  which  he  de- 
scribed as  including  gneiss,  mica-schist,  talcose  slate,  and  horn- 
blende, with  beds  and  veins  of  granite,  limestone,  serpentine,  and 
trap.  He  declared,  moreover,  that  there  is  no  clear  line  of  de- 
marcation among  the  various  schistose  primary  rocks ;  and  cited, 
as  an  illustration,  the  passage  into  each  other  of  serpentine,  stea- 
tite, and  talcose  schist.  His  description  of  the  crystalline  rocks  of 
this  range  ^Wll  be  recognized  as  comprehensive  and  truthftil. 

To  the  west  of  the  hills  of  primary  schist  he  placed  his  Taconic 
system,  named  from  the  Taconic  hills,  which  run  from  north  to 
south  along  the  boundary  line  of  New  York  and  Massachusetts,  and 
form  a  range  parallel  with  the  Green  Mountains.  The  lower  por- 
tions of  the  Taconic  system,  according  to  Emmons,  are  schistose 
rocks,  made  up  from  the  ruins  of  the  primary  schists  which  lie  to 
the  east  of  them.  Thus,  the  talcose  schists  of  Berkshire  are  said 
to  be  regenerated  rocks,  belonging  to  the  newer  system,  but  show- 
ing the  color  and  texture  of  the  older  talcose  schists  from  which 
they  were  formed.  How  far  this  is  true  of  these  particular  strata 
may  be  a  question,  for  there  is  reason  to  believe  that  Emmons 
included  among  his  Taconic  rocks  some  beds  belonging  to  the  older 
crystalline  series  of  the  Green  Mountains ;  yet  it  is  not  less  true  that 
the  possibility  of  derived  rocks  of  this  kind  is  one  which  has  been 
too  much  overlooked  by  geologists.  Emmons  elsewhere  remarks 
that  while  the  talcose  slates  of  the  primary  are  associated  with 
steatite  and  with  hornblende,  these  are  never  found  in  the  Taconic 
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rocks,  and  also,  that  epidote,  actinolite,  titanium  (rutile),  &c^ 
which  are  characteristic  minerals  of  the  primary,  are  wanting  in 
the  Taconic  system.  , 

The  statements  of  Emmons  on  this  point  were  sufficiently  ex- 
plicit; he  included  in  the  primary  system  all  of  the  crystalline 
schists  of  the  Green  Mountains,  except  certain  talcose  and  mi- 
caceous beds,  which  he  supposed  to  be  composed  from  the  ruins 
of  similar  strata  in  the  primary,  and  to  constitute,  with  a  great 
mass  of  other  rocks,  the  Taconic  system  ;  which  was,  in  its  turn, 
unconformably  overlaid  by  the  Potsdam  sandstone  and  calciferous 
sandrock  of  the  New  York  system.  His  views  have,  however,  been 
misunderstood  by  more  than  one  of  his  critics ;  thus,  Mr.  Marcou, 
while  defending  the  Taconic  system,  makes  it  to  include  the  three 
groups  just  mentioned,  viz. :  I.  the  Green  Mountain  gneiss ;  11.  the 
Taconic  strata  as^defined  by  Emmons ;  and  III.  the  Potsdam  sand- 
stone,* thus  uniting  in  one  system  the  crystalline  schists  and  the 
overlying  uncrystalline  fossiliferous  sediments,  in  direct  opposition 
to  the  plainly  expressed  teachings  of  Emmons,  as  laid  down  in  his 
report  on  the  Geology  of  the  Northern  District  of  New  York,  and 
later,  in  1846,t  in  his  work  on  the  Taconic' system. 

In  the  geological  survey  of  the  State  of  New  York,  the  rocks  of 
the  Champlain  division,  including  the  strata  from  the  base  of  the 
Potsdam  sandstone  to  the  summit  of  the  Loraine  or  Hudson  River 
shales,  had,  by  his  colleagues,  been  looked  upon  as  the  lowest  of 
the  paleozoic  system.  Professor  Emmons,  however,  was  led  to 
regard  the  very  dissimilar  strata  of  th^  Taconic  hills  as  constituting 
a  distinct  and  more  ancient  series.  A  similar  view  had  been  held  by 
Eaton,  who  placed,  as  we  have  already  seen,  above  the  crystalline 
schists  of  the  Green  Mountains,  his  primary  quartzose  and  calcare- 
ous formations,  followed  to  the  westward  by  transition  argillites  and 
sandstones,  which  latter  appear  to  have  corresponded  to  the  Pots- 
dam sandstone  of  New  York.  Emmons,  however,  gave  a  greater 
form  and  consistency  to  this  view,  and  endeavored  to  sustain  it  by 
the  evidence  of  fossils,  as  well  as  by  structure.  The  Taconic  sys- 
tem, as  defined  by  him,  may  be  briefly  described  as  a  series  of 
imcrystalline  fossiliferous  sediments,  reposing  unconformably  on 
the  crystalline  schists  of  the  Green  Mountains,  and  paitly  made 
up  of  their  ruins ;  while  it  is,  at  the  same  time,  overlaid  uncon- 

*  Proc.  Boat.  Nat.  Hist.  Soc.,  Not.  6, 1861,  and  Amer.  Jour.  Sd.,  II.,  xxxUi. 
282. 
t  Loc.  cit,  p.  189,  and  Agricult.  N.  York,  I.  68. 


Digitized  by  VjOOQIC 


ADDRESS   OF   EX-PBBSIDENT   HUNT.  13 

formably  by  the  Potsdam  and  calciferous  formations  of  the  Cham- 
plain  division,  and  constitutes  the  true  base  of  the  paleozoic 
column,  —  thus  occupying  the  position  of  the  British  Cambrian. 

Although  he  claimed  to  have  traced  this  Taconic  system  through- 
out the  Appalachian  chain  from  Maine  to  North  Carolina,  it  is 
along  the  confines  of  Massachusetts  and  New  York  that  its  devel- 
opment was  most  minutely  studied.  He  divided  it  into  a  lower 
and  an  upper  division,  and  estimated  its  total  thickness  at  not  less 
than  thirty  thousand  feet,  consisting,  in  the  order  of  deposition, 
of  the  following  members :  —  1.  Granular  quartz ;  2.  Stockbridge 
limestone;  3.  Magnesian  slate;  4.  Sparry  limestone;  5.  Roofing- 
slate,  graptolitic;  6.  Silicious  conglomerate;  7.  Taconic  slate;  8. 
Black  slate.  The  apparent  order  of  superposition  difiers  fi*om  this ; 
and  it  was  conceived  by  Professor  Emmons  that,  during  the  accu- 
mulation of  these  Taconic  rocks,  the  Green  Mountain  gneiss,  which 
formed  the  eastern  border  of  the  basin,  was  gradually  elevated  so 
as  to  bring  successively  the  older  members  above  the  ocean  from 
which  the  sediments  were  being  deposited.  From  this  it  resulted 
that  the  upper  members  of  the  system,  such  as  the  black  slates, 
were  confined  to  a  very  narrow  belt,  and  never  extended  far  east- 
ward ;  although  he  admits  that  denudation  may  have  removed  large 
portions  of  these  upper  beds.  At  a  subsequent  period,  a  series  of 
parallel  faults,  with  upthrows  on  the  eastern  side,  is  supposed  to 
have  broken  the  strata,  given  them  an  eastward  dip,  and  caused  the 
newer  beds  to  pass  successively  beneath  the  older  ones,  thus  pro- 
ducing an  apparently  inverted  succession^  and  making  their  present 
seeming  order  of  superposition  completely  deceptive.  In  speaking 
of  this  supposed  arrangement  of  the  members  of  his  Taconic  sys- 
tem, Emmons  alluded  to  them  as  "  inverted  strata; "  while  by  Mr. 
Marcou  the  strata  were  said  to  be  **  overturned  on  each  side  of  the 
crystalline  and  eruptive  rocks  which  occupy  the  centre  of  the  chain, 
producing  thus  a  fan-shaped  structure,"  &c.*  I  have  elsewhere 
shown  that  this  notion,  though  to  some  extent  countenanced  by 
his  vague  and  inaccurate  use  of  terms,  was  never  entertained 
by  Emmons,  whose  own  view,  as  defined  in  his  Taconic  System 
(p.  17),t  is  that  just  explained. . 

*  Comptes  Rendns  de  TAcad.,  LIII.  804. 

t  See  my  farther  discussion  of  the  matter,  Amer.  Jour.  Sd.,  II.,  xxxii.  427, 
xxziii.  185,  281.  It  is  by  an  oversight  that  I  haye,  in  the  latter  volume,  page 
186,  represented  Barrande  as  sharing  the  misconception  of  Marcou,  although  his 
language,  without  careful  scrutiny,  would  lead  us  to  such  a  conclusion.    In  fact, 
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The  view  of  Emmons,  that  there  exists  at  the  western  base  of 
the  Green  Mountains  older  fossiliferous  series  underlying  the 
Potsdam,  met  with  general  opposition  from  American  geologists. 
In  May,  1844,  H.  D.Rogers, in  his  address  as  President,  before  the 
American  Association  of  Geologists,  then  met  at  Washington,  crit- 
icised this  view  at  length,  and  referred  to  a  section  from  Stock- 
bridge,  Massachusetts,  to  the  Hudson  River,  made  by  W.  B.  Rogers 
and  himself,  and  by  them  laid  before  the  American  Philosophical 
Society,  in  Januar}*^,  1841.  They  then  maintained  that  the  quartz- 
rock  of  the  Hoosic  range  was  Potsdam,  the  Berkshire  marble  iden- 
tical with  the  blue  limestone  of  the  Hudson  valley,  and  the  asso- 
ciated micaceous  and  talcose  schists,  altered  strata  x)f  the  age  of  the 
slates  at  the  base  of  the  Apallachian  system ;  that  is  to  say,  j)ri- 
mal  in  the  nomenclature  of  the  Pennsylvanian  survey. 

In  1843  Mather  had  asserted  the  Champlain  age  of  the  same 
crystalline  rocks,  and  claimed  that  the  whole  of  the  division  was 
there  represented,  including  the  Potsdam,  the  Hudson  River  group, 
and  the  intermediate  limestones.*  The  conclusion  of  Mather  was 
cited  with  approbation  by  Rogers,  who  apparently  adopted  it,  and 
claimed  that  Hitchcock  held  a  similar  view.  It  will  be  seen  that 
these  geologists  thus  united  in  one  group  the  schists  of  the 
Hoosic  range  (regarded  by  Emmons  as  primary)  with  those  of 
the  Taconic  range,  and  referred  both  to  the  age  of  the  Champlain 
division,  the  whole  of  which  was  supposed  to  be  included  in  the 
group. 

In  the  same  address  Professor  Rogers  raised  a  very  important 
question.  Having  referred  to  the  Potsdam  sandstone,  which  on 
Lake  Champlain  forms  the  base  of  the  paleozoic  system,  he  in- 
quires, "  Is  this  formation  then  the  lowest  limit  of  our  Appalachian 
masses  generally,  or  is  the  system  expanded  downward  in  other 
districts  by  the  introduction  beneath  it  of  other  conformable  sedi- 
mentary rocks?"  He  then  proceeded  to  state  that  from  the  Sus- 
quehanna River,  south-westward,  a  more  complex  series  appears  at 
the  base  of  the  lower  limestone  than  to  the  north  of  the  Schuylkill, 
and  in  some  parts  of  the  Blue  Ridge  he  includes  in  the  primal 

in  the  Bull.  Soc.  Geol.  de  France  (II.,  xviii.  261),  in  an  elaborate  study  of  the 
Taconic  question,  Barrande  heads  a  section  thus,  "  Renversement  conqu  pour  tout 
un  systhne/*  and  then  proceeds  to  show  that  the  renversement  or  overturn  is  only 
apparent,  by  explaining,  in  the  language  of  Emmons,  the  view  already  set  forth 
above. 
*  Geology  of  the  Southern  District  of  New  York,  p.  488. 
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diyision  (beneath  the  calciferous  sandrock)  ''  at  least  four  indepen- 
dent and  often  very  thick  deposits,  constituting  one  general  group, 
in  which  the  Potsdam  or  white  sandstone  (with  Scolithus)  is  the 
second  in  descending  order.  This  sandstone  is  overlaid  by  many 
hundred  feet  of  arenaceous  and  ferriferous  fucoidal  slate,  and  un- 
derlaid by  coarse  sandy  shales  and  flagstones ;  below  which,  in 
Virginia  and  East  Tennessee,  is  a  series  of  heterogeneous  con- 
glomerates, which  rest  on  a  great  mass  of  crystalline  strata.  The 
accuracy  of  these  statements  is  confirmed  by  Saflbrd,  who,  in  his 
recent  Report  on  the  Geology  of  Tennessee  (1869),  places  at  the 
base  of  the  column  a  great  series  of  crystalline  schists,  apparently 
representatives  of  those  of  south-eastern  Pennsylvania.  Upon 
these  repose  what  Saflbrd  designates  as  the  Potsdam  group,  in- 
cluding, in  ascending  order,  the  Ococee  slates  and  conglomerates, 
estimated  at  10,000  feet,  and  the  Chilhowee  shales  and  sandstones, 
2,000  feet  or  more,  with  fucoids,  worm-burrows,  and  Scolithus. 
These  are  conformably  overlaid  by  the  Knoxville  division,  con- 
sisting of  iucoidal  sandstones,  shales,  and  limestones,  the  latter 
two  holding  fossils  of  the  age  of  the  calciferous  sandrock.  It 
is  noteworthy  that  these  rocks  are  greatly  disturbed  by  faults, 
and  that  in  Chilhowee  Mountain  the  lower  conglomerates  are 
brought  on  the  east  against  the  carboniferous  limestone,  by  a 
vertical  displacement  of  at  least  12,000  feet.  The  general  dip  of 
all  these  strata,  including  the  basal  crystalline  schists,  is  to  the 
south-east. 

The  primal  paleozoic  rocks  of  the  Blue  Ridge  were  then  by 
Rogers,  as  now  by  Safford,  looked  upon  as  wholly  of  Potsdam  age, 
including  the  Scolithus  sandstone  as  a  subordinate  member,  so 
that  the  strata  beneath  this  were  still  regarded  as  belongiug  to 
the  New  York  system.  Hence,  while  Rogers  inquires  whether 
the  Taconic  system  "  may  not  along  the  western  border  of  Ver- 
mont and  Massachusetts  include  also  some  of  the  sandy  and  slaty 
strata  here  spoken  of  as  lying  beneath  the  Potsdam  sandstone,"  * 
he  would  still  embrace  these  lower  strata  in  the  Ghamplain  di- 
vision. 

Thus  we  see  that  at  an  early  period  the  rocks  of  the  Taconic 
system  were,  by  Rogers  and  Mather,  referred  to  the  Ghamplain 
division  of  the  New  York  system,  a  conclusion  which  has  been  sus- 
tained by  subsequent  observations.    Before  discussing  these,  and 

*  Amer.  Jour.  Sci.,  I.,  xlvii.  162, 168. 
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their  somewhat  involved  history,  we  may  state  two  questions  which 
present  themselves  in  connection  with  this  solution  of  the  problem. 
First,  whether  the  Taconic  system,  as  defined  by  Emmons,  includes 
the  whole  or  a  part  of  the  Champlain  division ;  and  second,  whether 
it  embraces  any  strata  older  or  newer  than  the  members  of  this 
portion  of  the  New  York  system.  With  reference  to  the  first 
question,  it  is  to  be  remarked  that  in  their  attempts  to  compare  the 
Taconic  rocks  with  those  of  the  Champlain  division,  as  seen  farther 
to  the  west,  observers  were  led  by  lithological  similarities  to  iden- 
tify the  upper  members  of  the  latter  with  certain  portions  of  the 
Taconic.  In  fact,  the  Trenton  limestone,  with  the  Utica  slates 
and  the  Loraine  or  Hudson  River  shales,  making  together  the 
upper  half  of  the  Champlain  division  (in  which  Emmons,  moreover, 
included  the  overlying  Oneida  and  Medina  conglomerates  and 
sandstones),  have  in  New  York  an  aggregate  thickness  of  not  less 
than  three  or  four  thousand  feej,  and  offer  many  lithological  re- 
semblances to  the  great  mass  of  sediments  at  the  western  base  of 
the  Green  Mountains,  to  which  the  name  of  Taconic  had  been  ap- 
plied. It  is  curious  to  find  that  Emmons,  in  1842,  referred  to  the 
Medina  the  red  sandrock  of  the  east  shore  of  Lake  Champlain, 
since  shown  to  be  Potsdam ;  and,  moreover,  placed  the  Sillery 
sandstone  of  the  neighborhood  of  Quebec  at  the  summit  of  the 
Champlain  division,  as  the  representative  of  the  Oneida  con- 
glomerate; while  at  the  same  time  he  noticed  the  great  resem- 
blance which  this  sandstone,  with  its  adjacent  limestones,  bore  to 
similar  rocks  on  the  confines  of  Massachusetts,  already  referred  by 
him  to  the  Taconic  system.* 

This  view  of  Emmons,  as  to  the  Quebec  rocks,  was  adopted  by 
Sir  William  Logan,  when,  a  few  years  afterwards,  he  began  to 
study  the  geology  of  that  region.  The  sandstone  of  Sillery  was 
described  by  him  as  corresponding  to  the  Oneida  or  Shawangunk 
conglomerate,  while  the  limestones  and  shales  of  the  vicinityy 
which  were  supposed  to  underlie  it,  were  regarded  as  the  repre- 
sentatives of  .the  Trenton,  TJtica,  and  Hudson  River  formations.t 
By  following  these  rocks  along  the  western  base  of  the  Appalach- 
ians into  Vermont  and  Massachusetts,  they  were  found  to  be  a 
continuation  of  the  Taconic  system,  which  Sir  William  was  thus 
led*  to  refer  to  the  upper  half  of  the  Champlain  division,  as  had 

♦  Geol.  Northern  District  of  New  York,  pp.  124, 126. 

t  Geol.  Survey  of  Canada,  1847-48,  pp.  27,  67;  and  Amer.  Jour.  Sci.,  II., 
ix.  12. 
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already  been  done  by  Professor  Adams  in  1847.*  As  regards  the 
crystalline  strata  of  the  Appalachians,  in  this  region,  he,  however, 
rejected  the  view  of  Emmons,  and  maintained  that  put  forward  by 
the  Messrs.  Rogers  in  1841,  viz.,  that  they,  instead  of  being  older 
rocks,  were  but  these  same  upper  formations  of  the  Champlain 
division  in  an  altered  condition;  a  view  which  was  maintained 
during  several  years  in  all  of  the  publications  of  those  connected 
with  the  geological  survey  of  Canada. 

This  conclusion,  so  far  as  regards  the  age  of  the  unaltered  fos- 
siliferous  rocks  from  Quebec  to  Massachusetts,  was  supposed  to  be 
confii-med  by  the  evidence  of  organic  remains  found  in  them  in 
Vermont.  Mr.  Emmons  had  described,  as  characteristic  of  the 
upper  part  of  the  Taconic  system,  two  crustaceans,  to  which  he  gave 
the  names  of  Atops  trUineattcs  and  EUiptoc^haJus  aaaphmdes  ;  the 
other  fossils  noticed  by  him  being  graptolites,  fucoids,  and  what 
were  apparently  the  marks  of  annelids.  In  1847,  Professor  James 
Hall,  in  the  first  volume  of  his  Paleontology,  declared  the  Atops  of 
Emmons  to  be  identical  with  Triarthrus  {Ccdymene)  JBeckiij  a 
characteristic  fossil  of  the  Utica  slate ;  while  the  Elliptocephalus 
was  referred  by  him  to  the  genus  Olenus^  now  known  to  belong  to 
the  primordial  fauna  of  Sweden,  where  it  is  found  in  slates  lying 
beneath  the  orthoceratite  limestone,  and  near  the  base  of  the  paleo- 
zoic series.  Although,  as  it  now  appears,  the  geological  horizon  of 
the  Olenus  slates  was  well  known  to  Hisinger,  this  author,  in  his 
classic  work,  Lethma  Sttedca^  published  in  1837,  repi:esents,  by 
some  unexplained  error,  these  slates  as  overlying  the  orthoceratite 
limestone,  which  is  the  equivalent  of  the  Trenton  limestone  of  the 
Champlain  division.  Hence,  as  Mr.  Barrande  has  remarked.  Hall 
was  justified,  by  the  authority  of  Hisinger's  published  work,  in  as- 
signing to  the  Olenus  slates  of  Vermont  a  position  above  that  lime- 
stone, and  in  placing  them,  as  he  then  did,  on  the  horizon  of  the 
Hudson  River  or  Loraine  shales.  The  double  evidence  afforded 
by  these  two  fossil  forms  in  the  rocks  of  Vermont  served  to  con- 
firm Sir  William  Logan  in  placing  in  the  upper  part  of  the  Cham- 
plain division  the  rocks  which  he  regarded  as  their  stratigraphical 
equivalents  near  Quebec,  and  which,  as  we  have  seen,  had  some 
years  before  been,  by  Emmons  himself,  assigned  to  the  same 
horizon.  The  remarkable  compound  graptolites  which  occur  in 
the  shales  of  Pointe  Levis,  opposite  Quebec,  were  described  by 

*  Amer.  Jour.  Sd.,  11.,  v.  108.  ^ 

▲.  A.  A.  8.    VOL.  XX.  3 


Digitized  by  VjOOQIC 


18  ADDRESS  OF  BX-PRBSmENT   HUVT. 

Professor  James  Hall,  in  the  report  of  the  Geological  Survey  of 
Canada  for  1857,  and  were  then  referred  to  the  Hudson  River 
group;  nor  was  it  until  August,  1860,  that  Mr.  Billings  described 
from  the  limestones  of  this  same  series,  at  Pointe  Levis,  a  number 
of  trilobites,  among  which  were  several  species  of  Agnostus,  Dike- 
locephalus,  Bathyurus,  &c^  constituting  a  fauna  whose  geological 
horizon  he  decided  to  be  in  the  lower  part  of  the  Champlain 
division. 

Just  previous  to  this  time,  in  the  Report  of  the  Regents  of  the 
University  of  New  York,  for  1859,  Professor  Hall  had  described  and 
figured  by  the  name  of  Olenus  two  species  of  trilobites  from  the 
slates  of  Georgia,  Vermont,  which  Emmons  had  wrongly  referred 
to  the  genus  Paradoxides.  They  were  at  once  recognized  by  Bar- 
rande,  who  called  attention  to  their  primordial  character,  and  thus 
led  to  a  knowledge  of  their  true  stratigraphical  horizon,  and  to  the 
detection  of  the  singular  error  in  Hisinger's  book,  already  noticed, 
by  which  American  geologists  had  been  misled.*  They  have  since 
been  separated  from  Olenus,  and  by  Professor  Hall  referred  to  a  ^ 
new  and  closely  related  genus,  which  he  has  nanied  Olenellus,  and 
which  is  now  regarded  as  belonging  Jto  the  horizon  of  the  Potsdam 
sandstone,  to  which  we  shall  presently  advert. 

Farther  studies  of  the  fossiliferous  rocks  near  Quebec  showed 
the  existence  of  a  mass  of  sediments,  estimated  at  about  1,200 
feet,  holding  a  numerous  fauna,  and  corresponding  to  a  great 
development  of  strata  about  the  age  of  the  Calciferous  and  Chazy 
formations,  or  more  exactly  to.  a  formation  occupying  a  position 
between  these  two,  and  constituting,  as  it  were,  beds  of  passage 
between  them.  In  this  new  formation  were  included  the  gr^to- 
lites  already  described  by  Hall,  and  the  numerous  Crustacea  and 
brachiopoda  described  by  Billings,  all  of  which  belong  to  the  Levis 
slates  and  limestones.  To  these  and  their  associated  rocks  Sir 
William  Logan  then  gave  the  name  of  the  Quebec  group,  including, 
besides  the  fossiliferous  Levis  formation,  a  great  mass  of  overlying 
slates,  sandstones,  and  magnesian  limestones,  hitherto  without  fos- 
sils, which  have  been  named  the  Lauzon  rocks,  and  the  Sillery 
sandstones  and  shales,  which  he  supposed  to  form  the  summit  of 
the  group,  and  which  had  afforded  only  an  Obolella  and  two  species 
of  Lingula ;  f  the  volume  of  the  whole  group  being  about  7,000  feet. 

V    *  For  the  correspondence  on  this  matter  between  Barrande,  Logan,  and  Hall, 
see  Amer.  Jour.  Sci.,  II.,  xxxi.,  210-226. 
r     t  See  Billings,  Paleozoic  Eossils  of  Canada,  p.  69. 
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The  paleontological  evidence  thus  obtained  by  Billings  and  by 
Hall,  both  from  near  Quebec  and  in  Vermont,  led  to  the  conclusion 
that  the  strata  of  these  regions,  so  much  resembling  the  upper 
members  of  the  Champlain  division,  were  really  a  great  develop- 
ment, in  a  modified  form,  of  some  of  its  lower  portions.  Their 
apparent  stratigraphical  relations  were  explained  by  Logan  by  the 
supposition  of  ^  an  overturned  anticlinal  fold,  with  a  crack  and  a 
great  dislocation  running  along  the  summit,  by  which  the  Quebec 
group  is  brought  to  overlie  the  Hudson  River  group.  Sometimes 
it  may  overlie  the  overturned  Utica  formation,  and  in  Vermont 
points  of  the  overturned  Trenton  appear  occasionally  to  emerge 
from  beneath  the  overlap."  He,  at  the  same  time,  declared  that 
"  fix)m  the  physical  structure  alone,  no  person  would  suspect  the 
break  that  must  exist  in  the  neighborhood  of  Quebec,  and,  without 
the  evidence  of  fossils,  every  one  would  be  authorized  to  deny  it."* 

The  rocks  from  western  Vermont,  which  had  furnished  to  Hall 
the  species  of  Olenellus,  have  long  been  known  as  the  Red  sand- 
rock,  and,  as  we  have  seen,  were  by  Emmons,  in  1842,  referred  to 
the  ^e  of  the  Medina  sandstone,  a  view  which  the  late  Professor 
Adams  still  maintained  as  late  as  1847.t  In  the  mean  time 
Emmons  had,  in  1855,  declared  this  rock  to  represent  the  Cal- 
dferous  and  Potsdam  formations,  the  brown  sandstones  of  Bur- 
lington and  Charlotte,  Vermont,  being  referred  to  the  latter.| 
This  conclusion  was  confirmed  by  BOlings,  who,  in  1861,  after  vis- 
iting the  region  and  examining  the  organic  remains  of  the  Red 
sandrock,  assigned  to  it  a  position  near  the  horizon  of  the  Pots- 
dam.§  Certain  trilobites  found  in  this  Red  sandrock  by  Adams, 
in  1847,  were  by  Hall  recognized  as  belonging  to  the  European 
genus  C<mocephalus  ( =  Conoc^hcdUes  and  Conocori/phe)^  whose 
geolo^cal  horizon  was  then  undetermined.||  The  formation  in 
question  consists  in  great  part  of  a  red  or  mottled  granular  dolo- 
mite, associated  with  beds  of  fucoidal  sandstone,  conglomerates, 
and  slates.  These  jocks  were  carefully  examined  by  Logan  in 
Swanton,  Vermont,  where,  according  to  him,  they  have  a  thick- 
ness of  2,200  feet,  and  include  towards  their  base  a  mass  of  dark 

*  Logan's  letter  to  Barrande,  Amer.  Jour.  Sd.,  11.,  xzxi.  218.    The  true  date 
of  this  letter  was  December  81,  I860,  but,  by  a  misprint,  it  is  made  1881. 
t  Adams,  Amer.  Jour.  Sci.,  II.,  t.  108. 
I  Emmons,  American  Geology,  II.,  128. 
§  Amer.  Jour.  Sci.,  II.,  xxzii.  282. 
li  Ibid.,  n.,  zzxUi.  874. 
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colored  shales,  holding  Olenellus  with .  Conocephalites,  Obolella, 
&c. ;  ConocephcUttes  Teucer^  Billings,  being  common  to  the  shales 
and  the  red  sandy  beds.*  Many  of  these  fossils  are  also  found  at 
Troy  and  at  Bald  Mountain,  New  York,  where  they  accompany 
the  Atops  of  Emmons,  now  recognized  by  Billings  as  a  species  of 
Conocephalites. 

A  similar  condition  of  things  extends  north-eastward  along  the 
Appalachian  region.  On  the  south  side  of  the  St.  Lawrence,  below 
Quebec,  a  great  thickness  of  limestones,  sandstones,  and  slates, 
formerly  referred  to  the  Quebec  group,  is  now  regarded  by  Billings 
as,  in  part  at  least,  of  the  Potsdam  formation ;  while  on  the  coast 
of  Labrador,  and  in  northern  Newfoundland,  the  same  formation, 
characterized  by  the  same  fossils  as  in  Vermont,  is  largely  devel- 
oped, attaining  in  some  parts,  according  to  Murray,  a  thickness  of 
3,000  feet  or  more.  Along  the  northern  coast  of  the  island  it  is 
nearly  horizontal,  and  appears  to  be  conformably  overlaid  by  about 
4,000  feet  of  fossiliferous  strata,  representing  the  Calciferous  sand- 
rock  and  the  succeeding  Levis  formation. 

Mr.  Billings  has  described  a  section  from  the  Laurentian  of 
Crown  Point,  New  York,  to  Cornwall,  Vermont,  from  which  it  ap- 
pears that  to  the  eastward  of  a  dislocation  which  brings  up  the 
Potsdam  to  overlie  the  higher  members'  of  the  Champlain  division, 
the  Potsdam  is  itself  overlaid,  at  a  small  angle,  by  a  great  mass  of 
limestones  representing  the  Calciferous,  and  having  at  the  summit 
some  of  the  characteristic  fossils  of  the  Levis  formation.  Next  in 
ascending  order  are  not  less  than  2,000  feet  of  limestones  with 
Trenton  fossils  (embracing  probably  the  Chazy  division),  while  to 
the  east  of  this  the  Levis  again  appears,  including  the  white  Stock- 
bridge  limestones.t  We  have  here  an  evidence  that  the  augmen- 
tation in  volume  observed  in  the  lower  members  of  the  Champlain 
division  in  the  Appalachian  region  extends  to  the  Trenton,  which 
to  the  west  of  Lake  Champlain  is  ^^presented,  the  Chazy  included, 
by  not  more  than  500  feet  of  limestone.  The  Potsdam,  in  the  latter 
region,  consists  of  from  500  to  700  feet  of  sandstone,  holding  Cono- 
cephalites and  Lingulella,  and  overlaid  by  300  feet  of  magnesian 
limestone,  the  so-called  Calciferous  sandrock.  In  the  valley  of  the 
Mississippi  these  two  formations,  in  Iowa,  Missouri,  and  Texas, 
are  represented  by  from  800  to  1,300  feet  of  sandstones  and  mag- 

«  Geology  of  Canada,  1868,  p.  281.    Amer.  Jour.  Sd.,  II.,  zlvi.  224. 
t  Amer.  Jour.  Sci.,  IL,  zlvi.  227. 
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nesian  limestones,  while  in  the  Black  Hills  of  Nebraska,  according 
to  Hayden,  the  only  representative  of  these  lower  formations  is 
about  one  hondred  feet  of  sandstone,  holding  Potsdam  fossUs.* 

In  striking  contrast  to  this  it  has  been  shown  that  along  the 
Appalachian  range,  from  Newfoundland  to  Tennessee,  these  lower 
formations  are  represented  by  from  8,000  to  15,000  feet  of  fossil- 
iferous  sediments.  It  has  been  suggested  by  Logan  that  these 
widely-differing  conditions  represent  deep-sea  accumulations  on 
the  one  hand,  and  the  deposits  from  a  shallow  sea  which  covered 
a  submerged  continental  plateau  on  the  other ;  the  sediments  in  the 
two  areas  being  characterized  by  a  similar  fauna,  though  differing 
greatly  in  lithological  characters  and  in  thickness.  To  this  we  may 
add  that  the  continental  area,  being  probably  submerged  and 
elevated  at  intervals,  became  overlaid  with  beds  which  represent 
only  in  a  partial  and  imperfect  manner  the  great  succession  of 
strata  which  were  being  accumulated  in  the  adjacent  ocean .f 

In  a  paper,  which  I  hope  to  present  to  the  geological  section 
during  the  present  meeting  of  the  Association,  it  will  be  shown 
from  a  study  of  the  rocks  of  the  Ottawa  basin  that  the  typical 
Champlain  division  not  only  presents  important  paleontological 
breaks,  but  evidences  of  statigraphical  discordance  at  more  than 
one  horizon  over  the  continental  area,  which,  as  the  result  of 
widely  spread  movements,  might  be  supposed  to  be  represented  in 
the  Appalachian  region.  In  the  latter  Logan  has  already  observed 
that  the  absence  of  all  but  the  highest  beds  of  the  Levis  along  the 
eastern  limit  of^the  Potsdam,  near  Swanton,  Vermont,  while  the 
whole  thickness  of  them  appears  a  little  farther  westward,  makes 
it  probable  that  there  is  a  want  of  conformity  between  the  two ; 
and  I  have  in  this  connection  insisted  upon  the  entire  absence  in 
this  locality  of  the  Calciferous,  which  is  met  with  a  little  farther 
south  in  the  section  just  mentioned,  as  another  evidence  of  the 
same  unconformity.!  There  are  also,  I  think,  reasons  for  sus- 
pecting another  stratigraphical  break  at  the  summit  of  the  Quebec 
group,  in  which  case  many  problems  in  the  geological  structure  of 
this  re^on  will  be  much  simplified. 

It  should  be  remembered  that  the  conditions  of  deposition  in 
some  areas  have  been  such  that  accumulations  of  strata,  corre- 


*  Amer.  Jour.  Sci.,  II.,  xxv.  489 ;  xxxi.  284. 
t  Ibid.,  n.,  xlvi.  226. 
$  Ibid.,  II.,  xlvi.  226. 
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sponding  to  long  geologic  periods,  and  elsewhere  marked  by  strati- 
graphical  breaks,  are  arranged  in  conformable  superposition ;  and, 
moreover,  that  movements  of  elevation  and  depression  have  even 
caused  great  paleontological  breaks,  which  over  considerable  areas 
are  not  marked  by  any  apparent  discordance.  Thus  the  remarka- 
ble break  in  the  fauna  between  the  Calciferous  and  the  Chazy  is  not 
accompanied  by  any  noticeable  discordance  in  the  Ottawa  basin, 
and  in  Nebraska,  according  to  Hayden,  the  Potsdam,  Carbonifer- 
ous, Jurassic,  and  Cretaceous  formations  are  all  represented  in 
about  1,200  feet  of  conformable  strata.*  In  Sweden  the  whole 
.  series,  from  the  base  of  the  Cambrian  to  the  summit  of  the  Upper 
Silurian,  appears  as  a  conformable  sequence,  while  in  North  Wales, 
although  there  is  no  apparent  discordance  from  the  base  of  the 
Cambrian  to  the  summit  of  the  Lingula  flags,  stratigraphical 
breaks,  according  to  Ramsay,  probably  occur  both  at  the  base  and 
the  summit  of  the  Tremadoc  slates,t  which  are  considered  equiva- 
lent to  the  Levis  formation. 

We  have  seen  that,  according  to  Logan,  a  dislocation  a  little  to 
the  north  of  Lake  Champlain  causes  the  Quebec  group  to  overlie 
the  higher  members  of  the  Champlain  division.  The  same  uplifl, 
according  to  him,  brings  up,  farther  south,  the  Red  sandrock  of 
Vermont,  which,  to  the  west  of  the  dislocation,  rests  upon  the  up- 
turned and  inverted  strata  of  various  formations  from  the  Calcif- 
erous sandrock  to  the  Utica  and  Hudson  River  shales.  These 
latter,  according  to  him,  are  seen  to  pass  for  considerable  distances 
beneath  nearly  hoiizontal  layers  of  the  Red  sandrock,  the  TJtica 
slate,  in  one  case,  holding  its  characteristic  fossil,  Triarthrtis  JBeckii, 
This  relation,  which  is  well  shown  in  a  section  at  St.  Albans,  fig- 
ured by  Hitchcock,t  was  looked  upon  by  Emmons  and  by  Adams  as 
evidence  that  the  Red  sandrock  was  the  representative  of  the  Me- 
dina sandstone  of  the  New  York  system.  When,  however,  the 
former  had  recognized  the  Potsdam  age  of  the  sandrock,  with  its 
Olenellus,  which  he  supposed  to  be  Paradoxides,  this  condition  of 
things  was  conceived  to  be  an  evidence  of  the  existence  beneath 
the  Potsdam  of  an  older  and  unconformable  fossiliferous  series 
already  mentioned. 

The  objections  made  by  Emmons  to  Rogers's  view  of  the  Cham- 

•  Amer.  Jour.  Sci.,  n.,  xxv.  440. 
t  Quar.  Geol.  Journal,  xLz.  p.  zxzYi. 
I  Geology  of  Vermont,  p.  874. 
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plain  age  of  the  Tacoiiic  rocks  were  threefold :  first,  the  great  dif- 
ferences in  lithological  characters,  succession,  and  thickness,  be- 
tween these  and  the  rocks  of  the  Champlain  division  as  previously 
known  in  New  York ;  second,  the  supposed  unconformable  infra- 
position  of  a  fossiliferous  series  to  the  Potsdam ;  and  third,  the  dis- 
tinct fauna  which  the  Taconic  rocks  were  supposed  to  contain.  The 
first  of  these  is  met  by  the  fact  now  established  that  m  the  Appa^ 
lachian  region  the  Champlain  division  is  represented  by  rocks 
having^  with  the  same  organic  remains,  very  difierent  lithological 
characters,  and  a  thickness  tenfold  greater  than  in  the  typical 
Champlain  region  of  Northern  New  York.  The  second  objection 
has  already  been  answered  by  showing  that  the  rocks  which  pass 
beneath  the  Potsdam  are  really  newer  strata  belonging  to  the  upper 
part  of  the  division,  and  contain  a  characteristic  fossil  of  the 
Utica  slate.  As  to  the  third  point,  it  has  also  been  met,  so  far  as 
regards  the  Atops  and  Elliptocephalus,  by  showing  these  two 
genera  to  belong  to  the  Potsdam  formation.  If  we  inquire  farther 
into  the  Taconic  fauna  we  find  that  the  Stockbridge  limestone  (the 
Eolian  limestone  of  Hitchcock),  which  was  placed  by  Emmons  near 
the  base  of  the  lower  Taconic  (while  the  Olenellus  slates  are  near 
the  summit  of  the  Upper  Taconic),  is  also  fossiliferous,  and  con- 
tains, according  to  the  determinations  of  Professor  Hall,  species 
belonging  to  the  genera  Euomphalus,  Zaphrentis,  Stromatopora, 
Chaetetes,  and  Stictopora.'*^  Such  a  fauna  would  lead  to  the  con- 
clusion that  these  limestones,  instead  of  being  older,  were  really 
newer  than  the  Olenellus  beds,  and  that  the  apparent  order  of  suc- 
cession was,  contraiy  to  the  supposition  of  Emmons,  the  true  one. 
This  conclusion  was  stiU  farther  confirmed  by  the  evidence  ob- 
tained in  1868  by  Mr.  Billings,  who  found  in  that  region  a  great 
number  of  characteristic  species  of  the  Levis  formation,  many  of 
them  in  beds  immediately  above  or  below  the  white  marbles,t 
which  latter,  from  the  recent  observations  of  the  Rev.  Augustus 
Wing,  in  the  vicinity  of  Rutland,  Vermont,  would  seem  to  be 
among  the  upper  beds  of  the  Potsdam  formation.  Thus,  while 
some  of  the  Taconic  fossils  belong  to  the  Potsdam  and  Utica 
formations,  the  greater  number  of  them,  derived  from  beds  sup- 
posed to  be  low  down  in  the  system,  are  shown  to  be  of  the  age 
of  the  Levis  formation.    There  is,  therefore,  at  present  no  evi- 

*  Geology  of  Vermont,  419,  and  Amer.  Jour.  Sd.,  II.,  xzziii.  419. 
t  Amer.  Jour.  ScL,  11.,  xlvi.  227. 
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dence  of  the  existence,  among  the  unaltered  sedimentary  rocks  of 
the  western  base  of  the  Appalachians  in  Canada  or  'New  England, 
of  any  strata  more  ancient  than  those  of  the  Champlain  division, 
to  which,  from  their  organic  remains,  the  fossiliferous  Taconic 
rocks  are  shown  to  belong. 

Mr.  Billings  has,  it  is  true,  distinguished  provisionally  what  he 
has  designated  an  upper  and  a  lower  division  of  the  Potsdam,  and 
has  referred  to  the  latter  the  Red  sandrock  with  the  Olenellus 
slates  of  Vermont,  together  with  beds  holding  similar  fdssils  at 
Troy,  New  York,  and  along  the  Straits  of  Bellisle  in  Labrador  and 
Newfoundland ;  the  upper  division  of  the  Potsdam  being  repre- 
sented by  the  basal  sandstones  of  the  Ottawa  basin  and  of  the 
Mississippi  valley.*  In  the  present  state  of  our  knowledge  of 
the  local  variations  in  sediments  and  in  their  fauna  dependent  on 
depth,  temperature,  and  ocean  currents,  Billings,  however,  con- 
ceives that  it  would  be  premature  to  assert  that  these  two  types  of 
the  Potsdam  do  not  represent  synchronous  deposits. 

The  base  of  the  Champlain  division,  as  known  in  the  Potsdam 
formation  of  New  York,  of  the  Mississippi  valley,  and  the  Appa- 
lachian  belt,  does  not,  however,  represent  the  base  of  the  paleozoic 
series  in  Europe.  The  Alum  slates  in  Sweden  are  divided  into 
two  parts,  an  upper  or  Olenus  zone,  and  a  lower  or  Conocoryphe 
zone,  as  distinguished  by  Angelin.  The  latter  is  characterized  by 
the  genus  Paradoxides,  which  also  occupies  a  lower  division  in  the 
primordial  paleozoic  rocks  of  Bohemia  (Barrande's  stage  C), 
the  greater  part  of  which  are  regarded  as  the  equivalent  of  the 
Olenus  zone  of  Sweden  and  the  Potsdam  of  North  America.  The 
Lingula  flags  of  Wales  belong  to  the  same  horizon,  and  it  is  at 
their  base,  in  strata  once  referred  to  the  Lower  Lingula  flags,  that 
the  Paradoxides  is  met  with.  These  strata,  for  which  Hicks  and 
Salter,  in  1865,  proposed  the  name  of  the  Menevian  group,  are 
regarded  as  corresponding  to  the  lower  division  of  the  Alum  slates, 
and,  like  it,  contain  a  fauna  not  yet  recognized  in  the  basal  rocks 
of  the  New  York  system.  We  here  approach  the  debatable  land 
between  the  Cambrian  and  the  Silurian  of  the  British  geologists. 
The  Cambrian,  as  originally  claimed  by  Sedgwick,  included  in  its 
upper  division  the  Middle  and  Upper  Lingula  flags,  with  the  over- 
lying Tremadoc  slates,  to  the  base  of  the  Llandeilo  rocks,  and  may 
be  regarded  as  equivalent  to  the  Potsdam,  Calciferous,  and  Levis 

*  Report  Geol.  of  Canada,  1868-66,  p.  286. 
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formations ;  while  in  the  Lower  Cambrian  were  embraced  the  Lower 
Lingala  flags  and  the  Upper  and  Lower  Longmynd  rocks,  corre- 
sponding respectively  to  the  Harlech  grits  and  the  Llanberis  slates. 
A  portion  of  the  Cambrian  has,  however,  been  claimed  for  the 
Silurian  by  Murchison,  who  draws  the  dividing  line  at  the  top  of 
the  Longmynd  rocks,  leaving  the  three  divisions  of  the  Lingula 
flags  in  the  Silnrian.  Lyell,  on  the  contrary,  remarks  that  the 
Menevian  beds,  which  were,  on  lithological  grounds,  made  by 
Sedgwick  a  part  of  the  Lower  Lingula  flags,  have  been  shown 
by  Hicks  and  Salter  to  be  very  distinct  from  these  paleontologi- 
cally ;  and,  while  he  includes  the  Menevian  in  the  Lower  Cam- 
brian, refers  the  whole  of  the  Lingula  flags  to  the  Upper  Cambrian. 

Lyell,  therefore,  admits  the  whole  of  the  Cambrian  system  as 
originally  defined  by  Sedgwick,  and  the  same  classification  is  now 
adopted  by  Linarsson,  in  Sweden,  where,  in  Westrogothia,  the  Cam- 
brian rocks  (resting  unconformably  on  the  crystalline  schists,  to  be 
noticed  farther  on),  are  overlaid  conformably  by  the  orthoceratite 
limestones,  which  are  by  him  regarded  as  forming  the  base  of  the 
Silurian,  and  as  the  equivalent  of  the  Llandeilo  rocks  of  Wales. 
The  total  thickness  of  these  lower  rocks  in  Sweden,  including  the 
representatives  of  the  Lingula  flags,  the  Menevian  beds,  and  an 
underlying  fucoidal  (Eophyton)  sandstone,  is  only  three  hundred 
feet,  while  the  first  two  divisions  in  Wales  have  a  thickness  of 
five  to  six  thousand,  and  the  Harlech  grits  and  Llanberis  slates 
(including  the  Welsh  roofing-slates  beneath)  amount  to  eight  thou- 
sand feet  additional.  Recent  researches  show  that  these  lower 
rocks  in  Wales  contain  an  abundant  fauna,  extending  downward 
some  2,800  feet  from  the  Menevian  to  the  very  base  of  strata 
regarded  as  the  representatives  of  the  Harlech  grits.  The  brachio- 
poda  of  the  Harlech  beds  appear  identical  with  those  of  the 
Menevian,  but  new  species  of  Conocephalites,  Mbcrodiscus^  and 
Paradooddes  are  met  with,  besides  a  new  genus,  PhUoniOi  allied  to 
the  last  mentioned.  Mr.  Hicks,  to  whom  we  owe  these  discoveries,* 
remarks  that  the  Menevian  gives  us,  for  the  present,  a  well 
marked  paleontological  horizon  for  the  summit  of  the  Cambrian, 
corresponding  with  the  Lower  Cambrian  as  defined  by  Sedgwick. 

The  Upper  Cambrian  in  North  America  would  thus  include  the 
lower  half  of  the  Champlain  division,  from  the  base  of  the  Potsdam 

*  Geol.  Mag.,  V.  806 ;  and  Bep.  Brit.  Assoc,  1868,  p.  69;  also  Harkness  and 
Hicks  in  Nature,  Proc.  Geol.  Soc.,  May  10, 1871. 
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to  the  sommit  of  the  Levis  (including  perhaps  the  Chazy),  while 
the  Lower  Cambrian  (the  Cambrian  of  Murchison  and  Hicks)  is 
represented  by  the  strata-holding  Paradoxides  in  Newfoundland, 
New  Brunswick,  and  eastern  Massachusetts.  Although  no  strata 
marked  by  these  fossils  have  yet  been  found  in  the  Appalachians, 
it  is  not  improbable  that  such  may  yet  be  met  with.  In  May, 
1861,  I  called  attention  to  the  fact  that  beds  of  quartzose  con- 
glomerate at  the  base  of  the  Potsdam,  in  Hemmingford,  near  the 
outlet  of  Lake  Champlain,  on  its  western  side,  contain  fragments 
of  green  and  black  slates,  ^showing  the  existence  of  argillaceous 
slates  before  the  deposition  of  the  Potsdam  sandstone."*  The 
more  ancient  strata,  which  iumished  these  slaty  fragments  to 
the  Potsdam  conglomerate,  have,  perhaps,  been  destroyed,  or  are 
concealed,  but  they  or  their  equivalents  may  yet  be  discovered 
in  some  part  of  the  great  Appalachian  region.  They  should 
not,  however,  be  called  Taconic,  but  receive  the  prior  designation 
of  Cambrian,  unless,  indeed,  it  shall  appear  that  the  source  of 
these  slate  fragments  was  the  more  argillaceous  beds  of  the  still 
older  Huroniair  schists.  Emmons  regarded  his  Taconic  system 
as  the  equivalent  of  the  Lower  Cambrian  of  Sedgwick,  but  when, 
in  1842,  Murchison  announced  that  the  name  of  Cambrian  had 
ceased  to  have  any  zo5logical  significance,  being  identical  with 
Lower  Silurian,t  Emmons  conceiving,  as  he  tells  us,  that  all 
Cambrian  rocks  were  not  Silurian,  instead  of  maintaining  Sedg- 
wick's name,  which  with  the  progress  of  paleontological  study  is 
assuming  a  great  zodlogical  importance,  devised  the  name  of 
Taconic,  as  synonymous  with  Lower  Cambrian ;  t  although,  as  we 
have  seen,  there  is  as  yet  no  paleontological  evidence  to  identify 
any  portion  of  the  Taconic  strata  with  the  well-defined  Lower 
Cambrian  rocks  of  our  eastern  shores. 

The  crystalline  infra-Silurian  strata,  to  which  the  name  of  the 
Huronian  series  has  been  given  by  the  Geological  Survey  of  Can- 
ada, have  sometimes  been  called  Cambrian,  from  their  resemblance 
to  certain  rocks  in  Anglesea,  which  have  been  looked  upon  as 
altered  Cambrian.  The  typical  Cambrian  rocks  of  Wales,  down  to 
their  base,  are,  however,  uucrystalline  sediments,  and,  as  pointed 
out  by  Dr.  Bigsby,  in  1863,§  are  not  to  be  confounded  with  the 

•  Amer.  Jour.  Sci.,  II.,  xxxi.  404. 

t  Proc.  Geol.  Soc,  London,  IH.  642.  ♦ 

t  Emmons,  Geol.  N.  District  of  New  York,  162 ;  and  Agric.  of  New  York,  1. 49. 
S  Qnar.  Jour.  Geol.  Soc.,  XIX.  86. 
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Horoman,  which  he  regarded  as  equivalent  to  the  second  division 
of  the  so-called  azoic  rocks  of  Norway,  the  Urschiefer^  or  primitive 
schists,  which  in  that  country  rest  unconformably  on  the  primitive 
gneiss  {VrgneUs)^  and  are  in  their  turn  overlaid  unconformably  by 
the  fossiliferous  Cambrian  strata.  This  second,  or  intermediate 
series,  in  Norway,  is  characterized  by  eurites,  micaceous,  chloritic, 
and  homblendic  schists,  with  diorites,  steatite,  and  dark-colored 
serpentines,  generally  associated  with  chrome,  and  abounds  in  ores 
of  copper,  nickel,  and  iron.  In  its  mineralogical  and  Jithological 
characters,  the  Urschiefer  corresponds  with  what  we  have  desig- 
nated the  second  series  of  crystalline  schists.  It  is,  in  Norway, 
divided  into  a  lower  or  quartzose  division,  marked  by  a  predomi- 
nance of  quartzites,  conglomerates,  and  more  massive  rocks,  and 
an  upper  and  more  schistose  division.  Macfarlane,  who  was 
familiar  with  the  rocks  of  Norway,  after  examining  both  the 
Huronian  of  Lake  Superior  and  the  crystalline  strata  of  the  Green 
Mountains,  had  already,  in  1862,  declared  his  opinion  that  both 
of  these  were  representatives  of  the  Norwegian  Urschiefer,*  thus 
anticipating,  from  his  comparative  studies,  the  conclusions  of 
Bigsby. 

The  crystalline  rocks  of  Anglesea  and  the  adjacent  part  of 
Caernarvon,  which  have  been  described  and  mapped  by  the  British 
Geological  Survey  as  altered  lowest  Cambrian,  are  directly  over- 
laid by  strata  of  the  Llandeilo  and  Bala  divisions,  corresponding 
to  the  Trenton  and  Hudson  River  formations.  If  we  consult 
Kamsa/s  report  on  the  region,  it  will  be  found  that  he  speaks  of 
them  as  ^probably  Cambrian,"  and  states,  as  a  reason  for  that 
opinion,  that  they  are  connected  by  certain  beds  of  intermediate 
lithological  characters  with  strata  of  undoubted  Cambrian  age.f 
These,  however,  as  he  admits,  present  great  local  variations,  and, 
after  carefully  scanning  the  whole  of  the  evidence  adduced,  I  am 
inclined  to  see  in  it  nothing  more  than  the  existence,  in  this 
region,  of  Cambrian  strata  made  up  from  the  ruins  from  the  great 
mass  of  pre-Cambrian  schists,  which  are  the  crystalline  rocks  of 
Anglesea.  Such  a  phenomenon  is  repeated,  in  numerous  instances, 
in  our  North  American  rocks,  and  is  the  true  explanation  of  many 
supposed  examples  of  passage  from  crystalline  schists  to  uncrys^ 
talline  sediments.    The  Anglesea  rocks  are  a  highly  inclined  and 

•  Canadian  Naturalist,  VU.  126. 
t  Geol.  of  North  Wales,  pp.  146, 176. 
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much  contorted  series  of  quartzose,  micaceous,  chloritic,  and  epi- 
dotic  schists,  with  diorites,  and  dark-colored  chromiferous  serpen- 
tines, all  of  which,  afler  a  careful  examination  of  them  in  the 
collections  of  the  Geological  Survey  of  Great  Britain,  appear  to 
me  identical  with  the  rocks  of  the  Green  Mountain,  or  Huronian 
series.  A  similar  view  of  their  age  is  shared  by  Phillips  and  by 
Sedgwick,  in  opposition  to  the  opinion  of  the  British  Survey.  The 
former  asserts  that  the  crystalline  schi^  of  Anglesea  are  ^  below 
all  the  Cambrian  rocks ; "  *  while  Sedgwick  expresses  the  opinion 
that  they  are  of  "  a  distinct  epoch  from  the  other  rocks  of  the  dis- 
trict, and  evidently  older."  f 

Associated  with  the  fossiliferous  Devonian  rocks  of  the  Rhine 
is  a  series  of  crystalline  schists,  similar  to  those  just  noticed,  seen 
in  the  Taunus,  the  Hundsruck,  and  the  Ardennes.  These,  in  oppo- 
sition to  Dumont,  who  regarded  them  as  belonging  to  an  older 
system,  are  declared  by  Romer  to  have  resulted  from  a  subsequent 
alteration  of  a  portion  of  the  Devonian  sediments,  t 

Turning  now  to  the  Highlands  of  Scotland,  we  have  a  similar 
series  of  crystalline  schists,  presenting  all  the  mineralogical  char- 
acters of  those  of  Norway  and  of  Anglesea,  which,  according  to 
Murohison  and  Giekie,  are  neither  of  Cambrian  nor  pre-Cambrian 
age,  but  are  younger  than  the  fossiliferous  limestones  of  the  west- 
em  coast  (about  the  horizon  of  the  Levis  formation),  which  seem 
to  pass  beneath  them.  Professor  Nicol,  on  the  contrary,  maintains 
that  this  apparent  superposition  is  due  to  uplifts,  and  that  these 
crystalline  schists  are  really  older  than  either  Cambrian  or  Silurian, 
both  of  which  appear  to  the  west  of  them  as  uncrystalline  sedi- 
ments, resting  on  the  Laurentian.  He  does  not,  however,  con- 
found these  crystalline  schists  of  the  Scottish  Highlands  with  the 
Laurentian,  from  which  they  differ  mineralogically,  but  regards 
them  as  a  distinct  series.§  In  the  presence  of  the  differences  of 
opinion  which  have  been  shown  in  this  controversy,  we  may  be 
permitted  to  ask  whether,  in  such  a  case,  stratigraphical  evidence 
alone  is  to  be  relied  upon.  Repeated  examples  have  shown  that 
the  most  skilful  stratigraphists  may  be  misled  in  studying  the 
structure  of  a  disturbed  region,  where  there  are  no  organic  remains 

•  MaDual  of  Geology  (1866),  89. 
t  Geol.  Journal  for  1845, 449. 
t  Naumann,  Geognosie,  2d  edition,  II.  888. 

§  Quar.  Jour.  Geol.  Soc. ;  Mutchison,  XV.  368;  Giekie,  XVH.  171;  Nicol, 
XVII.  68,  XVm.  448. 
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to  guide  them,  or  where  unexpected  faults  and  overslides  may 
deceive  even  the  most  sagacious.  I  am  convinced  that,  in  the 
study  of  the  crystalline  schists,  the  persistence  of  certain  mineral 
characters  must  be  relied  upon  as  a  guide,  and  that  the  language 
used  by  Delesse,  in  1847,  will  be  found  susceptible  of  a  wide  ap- 
plication to  crystalline  strata.  '^  Rocks  of  the  same  age  have 
most  generally  the  same  chemical  and  mineralogical  composition, 
and,  reciprocally,  rocks  having  the  same  chemical  composition  and 
the  same  minerals,  associated  in  the  same  manner,  are  of  the  same 
age."* 

In  this  connection  the  testimony  of  Professor  James  Hall  is  to 
the  point.  Speaking  of  the  crystalline  schists  of  the  White  Moun- 
tain series,  he  says :  — 

"  Eveiy  observing  student  of  one  or  two  years^  experience  in  the  collec- 
tion of  minerals  in  the  New  England  States  knovrs  well  that  he  may  trace  a 
mica-schist  of  peculiar,  but  varying  character,  from  Connecticut,  through 
central  Massachusetts,  and  thence  into  Vermont  and  New  Hampshire,  by 
the  presence  of  staurolite  and  some  other  associated  minerals,  which  mark 
with  the  same  unerring  certainty  the  geological  relations  of  the  rock,  as 
the  presence  of  PerUamerus  ohlongtis,  F.  gaU<xtu8,^8pirifer  Niagarensis,  or 
S.  tiMcropleura,  and  their  respectively  associated  fossils  do  the  relations  of 
the  several  rocks  in  which  these  occur /^  f 

I  am  convinced  that  these  crystalline  schists  of  Germany,  Angle- 
sea,  and  the  Scotch  Highlands,  will  be  found,  like  those  of  Nor- 
way, to  belong  to  a  period  anterior  to  the  deposition  of  the 
Cambrian  sediments,  and  will  correspond  with  the  newer  gneissic 
series  of  our  Appalachian  region.  There  exists  in  the  Highlands 
of  Scotland  a  great  volume  of  fine-grained,  thin-bedded  mica- 
schists,  with  andalusite,  staurolite,  and  cyanite,  which  are  met  with 
in  Argyleshire,  Aberdeenshu'e,  Banfl&hire,  and  the  Shetland  Isles. 
Kocks,  regarded  by  Harkness  as  identical  with  these  of  the  Scottish 
Highlands,  also  occur  in  Donegal  and  Mayo,  in  Ireland.  Through 
the  kindness  of  the  Rev.  Prof.  Haughton,  of  Trinity  College,  and 
Mr.  Robert  H,  Scott,  then  of  Dublin,  I  received  some  years  since 
a  large  collection  of  the  crystalline  rocks  of  Donegal,  which 
I  am  thus  enabled  to  compare  with  those  of  North  America,  and 
to  assert  the  existence,  in  the  north-west  of  Ireland,  of  our  second 
and  third  series  of  crystalline  schists.     The  Green  Mountain  rocka 

•  BuU.  Soc.  Geol.  de  Fr.  (2),  IV.  786. 

t,  Paleontology  of  New  York,  Vol.  III.,  Introduction,  p.  98. 
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are  there  exactly  represented  by  the  dark-colored  chromiferoos 
serpentines  of  Aghadoey,  and  the  steatite,  crystalline  talc,  and 
actinolite  of  Crohy  Head ;  while  the  mica-rschist  of  Loch  Derg, 
with  white  quartz,  blue  cyanite,  staurolite,  and  garnet,  all  united 
in  the  same  fragment,  cannot  be  distinguished  from  specimens 
found  at  Oavendish,  Vermont,  and  Windham,  Maine.  The  fine- 
grained andalusite-schists  of  Clooney  Lough  are  exactly  like 
those  from  Mount  Washington ;  while  the  granitoid  mica-slates 
from  several  other  localities  in  Donegal  are  not  less  clearly  of  the 
type  of  the  White  Mountain  series.  Similar  micaceous  schists, 
with  Andalusite  (chiastolite),  occur  on  Skiddaw,  in  Cumberland, 
England,  the  relations  of  which  have  been  clearly  defined  by  Sedg- 
wick, who  groups  the  rocks  of  Skiddaw  into  four  divisions.  The 
lowest  of  these,  succeeding  the  granite,  is  a  series  of  crystalline 
rocks,  not 'described  lithologically,  with  mineral  veins,  "having 
some  resemblance  to  the  rocks  of  ComwaU,"  and  including, 
towards  the  summit,  "chiastolite  schists  and  chiastolite  rocks." 
These  are  followed,  in  ascending  order,  by  two  great  series  of  slates 
and  grits,  succeeded  by  a  fourth  division  of  schists,  sometimes 
carbonaceous,  holding,  in  parts,  fucoids  and  graptolites,  which  are 
apparently  overlaid  discordantly  by  sundry  trappean  conglomer- 
ates and  chloritic  slates.*  The  graptolites  of  the  Skiddaw  slates 
are  found  to  be  identical  with  those  of  the  Levis  formation,!  and 
it  is  worthy  of  notice  that,  although  Sedgwick  places  the  mica- 
schists  with  andalusite  (chiastolite)  so  far  below  the  graptolitic 
beds,  he  elsewhere,  in  comparing  the  rocks  of  North  Wales  an4 
Cumberland,  states  that  the  chloritic  and  micaceous  rocks  of 
Anglesea  and  Caernarvon  are  not  represented  in  Cumberland, 
being  distinct  from  the  other  rocks  of  North  Wales,  and  much 
older.| 

In  Victoria,  Australia,  the  position  of  the  chiastolite  schists,  ac- 
cording to  Selwyn,  is  beneath  the  graptolitic  slates.  Boblaye,  it 
is  true,  asserted,  in  1838,  that  the  chiastolite  schists  of  Les  Salles, 
near  Pontivy,  in  Brittany,  include  Orthia  and  Calymene^%  but  when 
we  remember  that  even  experienced  observers,  in  the  White  Moun- 
t^ns,  for  a  time,  mistook  for  remains  of  Crustacea  and  brachiopods 

*  Sjmopsis  of  British  Paleozoic  Rocks,  p.  Ixxziv.,  being  an  introduction  to 
McCoy's  Brit.  Pal.  Fossils  (1865). 
t  Harkness  and  Salter,  Qnar.  Jour.  Geol.  Soc.,  xix.  186. 
X  Geol.  Journal  (1846),  IV.  688. 
Bull.  Soc.  Geol.  de  Fr.,  X.  227. 
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certain  obecure  forms,  which  they  afterwards  found  not  to  be 
organic,  and  that  Dana,  in  this  connection,  has  called  attention  to 
the  deceptive  resemblance  to  fossils  presented  by  some  imperfectly 
developed  chiastolite  crystals  in  the  same  region,*  we  may  well 
require  a  verification  of  Boblaye's  observation,  especially  since  we 
find  that  more  recently  D'Archiac  and  Dalimier  agree  with  De 
Beaumont  and  Dufirenoy  in  placing  the  chiastolite  schists  of 
Brittany  at  the  very  base  of  the  transition  sediments,  marking  the 
summit  of  the  crystalline  schists.! 

With  regard  to  the  crystalline  schists  of  Lakes  Huron  and  Su- 
perior, to  which  the  name  of  the  Huronian  system  has  been  given, 
the  observations  of  all  who  have  studied  the  region  concur  in  plac- 
ing them  unconformably  beneath  the  sediments  which  are  supposed 
to  represent  the  base  of  the  New  York  system ;  while,  on  the  other 
hand,  they  rest  unconformably  on  the  Laurentian  gneiss,  fragments 
of  which  are  included  in  the  Huronian  conglomerates.  The  gneissic 
series  of  the  Green  Mountains  had,  however,  as  we  have  seen,  been, 
since  1841,  regarded  by  the  brothers  Rogers,  Mather,  Hall,  Hitch- 
cock, Adams,  Logan,  myself,  and  others,  as  of,  Silurian  age.  Eaton 
and  Emmons  had  alone  claimed  for  it  a  pre-Cambrian  age,  until,  in 
1862,  Macfarlane  ventured  to  unite  it  with  the  Huronian  system, 
and  to  identify  both  with  the  crystalline  schists  of  a  similar  age  in 
Norway.  Later  observations  in  Michigan  justify  still  farther  this 
comparison,  for  not  only  the  more  schistose  beds  of  the  Green  Moun- 
tain series,  but  even  the  mica-schists  of  the  third  or  White  Mountain 
series,  with  staurolite  and  garnet,  are  represented  in  Michigan,  as 
appears  by  the  recent  collections  of  Major  Brooks,  of  the  Geolog- 
ical Survey  of  Michigan,  kindly  placed  in  my  hands  for  examina- 
tion. He  informs  me  that  these  latter  schists  are  the  highest  of 
the  crystalline  strata  in  the  northern  peninsula. 

To  the  north  of  Lake  Superior,  as  I  have  already  shown  else- 
where, the  schists  of  this  third  series,  which,  as  early  as  1861, 1 
compared  to  those  of  the  Appalachians,  are  widely  spread ;  while^ 
in  Hastings  County,  forty  miles  north  of  Lake  Ontario,  rocks 
having  the  mineralogical  and  lithological  characters  both  of  the 
second  and  third  series  are  found  resting  on  the  first  or  Lauren- 
tian, the  three  apparently  unconformable,  and  all  in  turn  overlaid 
by  horizontal  Trenton  limestone.^ 

•  Amer.  Jour.  Sci.,  II.,  i.  415,  v.  116. 
t  Bull.  Soc.  Geol.  de  Fr.,  11.,  ZTiii.  664. 
I  Amer.  Jour.  Sci.,  11.,  zxxi.  896,  and  1.  86. 
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We  have  shown  that,  in  Pennsylvania,  while  some  of  these  schists 
of  the  second  and  third  series  were  regarded  as  altered  primal 
rocks  by  H.  D.  Rogers,  others,  lithologically  similar,  were  referred 
by  him  to  the  older  so-called  azoic  series,  which  we  believe  to  be 
their  true  position.  Professor  W.  B.  Rogers  has  lately  informed 
me  that  in  Virginia  the  gneissic  series  having  the  characters  of 
the  Green  Mountain  rocks  is  clearly  overlaid  unconformably  by  the 
lowest  primal  paleozoic  strata  of  the  region.  Ck>ming  northward, 
the  uncrystalline  argillites  and  sandstones,  holding  Paradozides,  at 
Bridntree,  Massachusetts,*  and  St.  John,  New  Brunswick,  overlie 
unconformably  crystalline  schists  of  the  second  series,  and  in  the 
latter  region,  in  one  locality,  rocks  which  are  by  Bailey  and 
Matthew  regarded  of  Laurentian  age.  In  Newfoundland,  in  like 
manner,  a  great  series  of  crystalline  schists,  in  which  Mr.  Murray 
recognizes  the  Huronian  system,  as  first  studied  and  described  by 
him  in  the  west,  is  unconformably  overlaid  by  a  group  of  sand- 
stones, limestones,  and  slates,  holding  Paradoxides.  The  peculiar 
gneisses  and  mica-schists  of  the  White  Mountain  series  appear  to 
be  developed  to  a  great  extent  in  Newfoundland,  which  has  led 
me  to  propose  fbr  them  the  name  of  the  Terranovan  6ystem.t 

From  the  part  which  the  ruins  of  these  rocks  play  in  the  produc- 
tion of  succeeding  sediments,  it  is  not  always  easy  to  define  the  limits 
between  the  ancient  mica^chists  and  the  Cambrian  strata  in  these 
north-eastern  regions.  It  is  not  impossible  that  the  two  may  grad- 
uate into  each  other,  as  some  have  supposed,  in  Newfoundland  and 
Nova  Scotia ;  but,  until  farther  light  is  thrown  upon  the  subject,  I 
am  disposed  to  regard  the  relation  between  the  two  as  one  of  deri- 
vation rather  than  of  passage. 

We  have  already  alluded  to  the  history  of  the  rocks  of  the 
White  Mountains,  formerly  looked  upon  as  primary,  and,  by  Jack- 
son, described  as  an  old  granitic  and  gneissic  axis  uplifting  the  more 
recent  Green  Mountain  rocks.  Their  manifest  differences  from  the 
more  ancient  gneiss  of  the  Adirondacks,  and  their  apparent  super- 
position to  the  Green  Mountain  series,  then  regarded  by  the 
Messrs.  Rogers  as  belonging  to  the  Champlain  division,  led  them, 
in  1846,  to  look  upon  the  White  Mountains  as  altered  strata  be- 
longing to  the  Levant  division  of  their  classification,  correspond- 
ing to  the  Oneida,  Medina,  and  Clinton  of  the  New  York  system. 

•  Hunt,  Proc.  Boat.  Nat.  Hist.  Soc.,  Oct.  19, 1670. 
t  Amer.  Jour.  Sci.,  II.,  1. 87. 
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In  1848  Sir  William  Logan  came  to  a  somewhat  similar  conclusion. 
Accepting,  as  we  have  seen,  the  view  of  Emmons  that  the  strata 
about  Quebec  included  a  portion  of  the  Levant  division,  and  re- 
garding the  Green  Mountain  gneisses  as  the  equivalents  of  these, 
he  was  induced  to  place  the  White  Mountain  rockB  still  higher  in 
the  geolo^cal  series  than  the  Messrs.  Rogers  had  done,  and  ex- 
pressed his  belief  that  they  might  be  the  altered  representatives 
of  the  New  York  system,  from  the  base  of  the  Lower  Helderberg 
to  the  top  of  the  Chemung ;  in  other  words,  that  they  were  not 
Middle  Silurian,  but  Upper  Silurian  and  Devonian.  This  view, 
adopted  and  enforced  by  me,*  was  farther  supported  by  Lesley  in 
1860,  and  has  been  generally  accepted  up  to  this  time.  In  1870, 
however,  I  ventured  to  question  it,  and  in  a  published  letter, 
addressed  to  Professor  Dana,  concluded,  from  a  great  numb^  of 
facts,  that  there  exists  a  system  of  crystalline  schists,  distinct  from^ 
and.  newer  than,  tbA  Laurentian  and  Huronian,  to  which  I  gave  the 
provisional  name  of  Terranovan,  constituting  the  third  or  White 
Mountain  series,  which  appears  not  only  throughout  the  Appalach- 
ians, but  westward,  to  the  north  of  Lake  Ontario,  and  around  and 
beyond  Lake  Superior.!  Although  I  have,  in  common  with  most 
other  American  geologists,  maintained  that  the  crystalline  rocks 
of  the  Green  Mountain  and  White  Mountain  series  are  altered 
paleozoic  sediments,  I  find,  on  a  carefril  examination  of  the  evi- 
dence, no  satisfactory  proof  of  such  an  age  and  origin,  but  an 
array  of  &cts  which  appear  to  me  incompatible  with  the  hitherto 
received  view,  and  lead  me  to  conclude  that  the  whole  of  our  crys- 
talline schists  of  eastern  North  America  are  not  only  pre-Silurian 
but  pre-Cambrian  in  age. 

In  what  precedes,  I  have  endeavored  to  discuss  briefly  and 
impartially  some  of  the  points  in  the  history  of  the  older  rocks, 
and  of  the  views  which  during  the  past  thirty  years  have  been 
entertained  as  to  their  age  and  geological  relations  both  in  Amer- 
ica and  in  Europe.  I  have  said  some  things  which  will  provoke 
criticism,  and,  at  the  same  time,  I  trust,  lead  to  farther  study  of 
these  rocks,  a  correct  knowledge  of  which  lies  at  the  basis  of 
geological  science. 

I  cannot,  however,  conclude  this  part  of  my  subject  without 


*  GeoL  Surrey  of  Canada,  Beport  1847-48,  p.  68;  also  Amer.  Jour.  Sd.,  n., 
ix.  19. 
t  Amer.  Jour.  Sci.,  n.,  1.  88. 
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referring  to  the  views  pat  forth  in  1869  by  Professor  Hermann 
Credner,  of  Leipzig,  in  an  essay  on  the  Eozoic  or  pre-Silorian  for- 
mations of  North  America.*  With  Mac&rlane,  he  refers  to  the 
Huronian  the  gneissic  series  of  the  Green  Mountains,  but  includes 
with  it,  as  part  of  the  Huronian  system,  the  so-called  Lower  Ta- 
oonic  rocks  of  Vermont,  **  with  remains  of  anneUds  and  crinoids," 
Credner  thus  faUs  into  the  very  error  against  which  Emmons 
warned'  American  geologists,  namely,  the  confounding  in  one  sys- 
tem the  ancient  crystalline  schists  with  the  newer  fossiliferous 
sediments.  Resting  unconformably  on  these,  he  places,  fh^t,  the 
Upper  Taconio,  corresponding,  according  to  him,  to  a  part  of  the 
Quebec  group,  and,  second,  the  Potsdam  sandstone.  In  this  he 
has  copied,  for  the  most  part,  Marcou,  who,  howeyer,  groups  the 
whole  of  these  various  divisions  in  the  Taconic  system^  while 
Credner,  rejecting  the  name,  unites  a  portion  of  the  Taconio  of 
Enmions  with  the  Huronian  system,  and  refelfei  the  other  portion, 
together  with  the  Potsdam,  to  the  Silurian.  These  same  views  are 
set  forth,  in  a  more  recent  paper,  by  the  same  author,  on  the  Alle- 
ghany system,  which  is  accompanied  with  sections  and  a  geologi- 
cally colored  map.f  In  this,  not  content  with  including  in  the 
Huronian  both  the  fossiliferous  strata  of  the  Levis  formation  and 
the  crystalline  schists  of  the  Green  Mountains,  he  refers  the 
gneisses  and  mica-schists  of  the  White  Mountains  to  the  same 
system ;  while  the  broad  area  of  similar  rocks,  from  their  base  to 
the  sea  at  Portland,  is  regarded  as  Laurentian.  This,  on  Credner's 
map,  is  also  made  to  include,  with  the  exception  of  the  White 
Mountains  themselves,  all  the  rocks  of  the  third  or  White  Moun- 
tain series,  which  cover  so  large  a  part  of  New  England.  Those 
who  have  followed  the  historical  sketch  already  given  can  see  how 
widely  these  notions  of  Credner  differ  from  those  of  Emmons,  and 
from  all  other  American  geologists,  and  Jiow  much  they  are  at 
variance  with  the  present  state  of  our  knowledge.  It  is  much  to 
be  regretted  that  so  good  a  geologist  and  lithologist  should,  from 
a  too  superficial  study,  have  fallen  into  these  errors,  which  can 
only  retard  the  progress  of  comparative  geognosy,  for  which  he 
has  done  so  much.  In  England,  a^ain,  Credner  confounds  the 
Cambrian  and  Huronian,  referring  to  the  latter  system  the  whole 


*  Die  Gliedenmg  der  Eoxoiachen  Fonnationsgnippe,  n.  s.  w.,  p.  58.    Halle, 
1869. 
t  Petermaim's  Geographiache  Mittheilungen.    2  Heft,  1871. 
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of  the  Longmynd  rocks,  with  their  characteristic  Cambrian  fauna, 
a  view  which  is  supported  only  by  the  conjectured  Cambrian  age 
of  the  crystalline  schists  of  Anglesea,  which  are  probably  pre- 
Cambrian,  and  veritably  Hnronian,  like  the  Urschiefer  of  Scan- 
dinavia ;  which  Credner  correctly  refers  to  the  latter  system^  as 
Macfarlane  and  Bigsby  had  done  before  him.  He,  moreover,  rec- 
ognizes in  the  similar  crystalline  schists  of  Scotland,  the  Urals, 
and  various  parts  of  Grermany,  including  those  of  Bavaria  and 
Bohemia,  a  newer  system^  overlying  the  primary  or  Laurentian 
gneiss,  and  corresponding  to  the  Huronian  or  Green  Mountain 
series  of  North  America,  while  he  suggests  a  correspondence  with 
similar  rocks  in  Japan,  Bengal,  and  Brazil  In  a  collection  of 
rocks  brought  from  the  latter  country  by  Professor  C.  F.  Hartt,  I 
have  found,  as  elsewhere  stated,*  what  appear  to  be  representa- 
tives of  the  three  types  of  crystalline  schists  which  have  been 
distinguished  in  eastern  North  America. 

It  will  be  noticed  that  I  have  not,  in  the  preceding- pages, 
referred  to  the  Labradorian  (Upper  Laurentian)  system,  which  is 
characterized  by  a  great  predominance  of  norites  and  hyperites. 
Although  occupying  a  considerable  area  in  the  Adirondack  region, 
it  is  not  certainly  known  in  the  Appalachian  range,  and  was, 
therefore,  omitted  in  the  discussion.  In  addition  to  the  facts 
given  by  me  in  1869,t  it  may  be  added  that  the  observations  of 
Mr.  Kichardson,  during  that  season,  on  the  north  side  of  the  Gulf 
of  St  Lawrence,  confirm  the  previous  conclusions,  and  show  that 
the  rocks  of  the  Labradorian  (or  rather  Norian)  system  there  re- 
pose transgressiv^ly,  and  often  at  comparatively  moderate  angles, 
on  the  nearly  vertical  Laurentian  gneisses.!  We  may,  I  think,  in 
the  present  state  of  our  knowledge,  regard  these  norites  or  Norian 
rocks  as  portions  of  a  pre-Huronian  system. 

n. — The  OniGnr  of  CBYSTALLnrs  Rocks. 

We  now  approach  the  second  part  of  our  subject,  namely,  the 
genesis  of  the  crystalline  schists,  whose  history  we  have  just  dis- 
cussed. The  origin  of  the  mineral  silicates,  which  make  up  a  great 
portion  of  the  crystalline  rocks  of  the  earth's  sur&ce,  is  a  ques- 


•  The  Nation,  Dec.  1, 1870,  and  Hartf »  Geology  of  Bradi,  p.  660. 
t  On  Norites,  &c.,  Amer.  Jour.  Sd.,  n.,  xlyiii.  180. 
t  Geol.  Surrey  of  Canada,  Report  1866-69,  p.  806. 
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tion  of  much  geological  interest,  which  has  been  to  a  great  degree 
overlooked.  The  gneisses,  mica-schists,  and  argillites  of  varioos 
geological  periods  do  not  differ  very  greatly  in  chemical  constitu- 
tion from  modem  mechanical  sediments,  and  are  now  very  gene- 
rally regarded  as  resulting  from  a  molecular  rearrangement  of 
similar  sediments  formed  in  earlier  times  by  the  disintegration 
of  previously  existing  rocks  not  very  unlike  them  in  composition ; 
the  oldest  bown  formations  being  still  composed  of  crystalline 
stratified  deposits  presumed  to  be  of  sedimentary  origin.  Before 
these  the  imagination  conceives  yet  earlier  rocks,  until  we  reach 
the  sur&ce  of  unstratified  material  which  the  globe  may  be  sup- 
posed to  have  presented  before  water  had  begun  its  work.  It  is 
not,  however,  my  present  plan  to  consider  this  far-off  beginning  of 
sedimentary  rocks,  which  I  have  elsewhere  discussed.* 

Apart  from  the  clay  and  sandrocks  just  referred  to,  whose  com- 
position may  be  said  to  be  essentially  quartz  and  aluminous  silicates, 
chiefly  in  the  forms  of  feldspars  and  micas,  or  the  results  of  their 
partial  decomposition  and  disintegration,  there  is  another  class 
of  crystalline  silicated  rocks,  which,  though  far  less  important  in 
bulk  than  the  last,  is  of  great  and  varied  interest  to  the  litholo- 
gist,  the  mineralogist,  the  geologist,  and  chemist.  The  rocks  of 
this  second  class  may  be  defined  as  consisting  in  great  part  of  the 
silicates  of  the  protoxyd  bases,  lime,  magnesia,  and  ferrous  oxyd, 
either  alone  or  in  combination  with  silicates  of  alimiina  and  alka^ 
lies.  They  include  the  following  as  their  chief  constituent  mineral 
species:  pyroxene,  hornblende,  olivine,  sei3)entine,  talc,  chlorite, 
epidote,  garnet,  and  triclinic  feldspars,  such  as  Fabradorite.  The 
great  types  of  this  second  class  are  not  less  well  defined  than 
the  first,  and  consist  of  pyroxenic  and  homblendic  rocks,  passing 
into  diorites,  diabases,  ophiolites,  and  talcose,  chloritic,  and  epi» 
dotic  rocks.  Intermediate  varieties,  resulting  from  the  associa- 
tion of  the  minerals  of  this  class  with  those  of  the  first,  and  also 
with  the  materials  of  non-silicated  rocks,  such  as  limestones  and 
dolomites,  show  an  occasional  blending  of  the  conditions  under 
which  these  various  types  of  rocks  were  formed. 

The  distinctions  just  drawn  between  the  two  great  divisions  of  sil- 
icated rocks,  are  not  confined  to  stratified  deposits,  but  are  equally 
well  marked  in  eruptive  and  unstratified  masses,  among  which  the 
first  type  is  represented  by  trachytes  and  granites,  and  the  second 

*  Amer.  Jour.  Sciencei  II.,  1.  25. 
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by  dolerites  and  diorites.  This  frindamental  difference  between 
acid  and  basic  rocks,  as  the  two  classes  are  called,  finds  its  ex- 
pression in  the  theories  of  Phillips,  Dorocher,  and  Bonsen,  who 
have  deduced  all  silicated  rocks  from  two  supposed  layers  of  molten 
matter  within  the  earth's  crust,  consisting  respectively  of  acid  and 
basic  mixtures ;  the  trachytic  and  pyroxenic  magmas  of  Bunsen. 
From  these,  by  a  process  of  partial  crystallization  and  eliquation, 
or  by  commingling  in  various  proportions,  those  eruptive  rocks 
which  depart  more  or  less  from  the  normal  types  are  supposed  by 
the  theorists  of  this  school  to  be  generated.*  The  doctrine  that 
these  eruptive  rocks  are  not  derived  directly  from  a  hitherto  uncon- 
gealed  nucleus,  but  are  softened  and  crystallized  sediments,  in  fact, 
that  the  whole  of  the  rocks  at  present  known  to  us  have  at  one 
time  been  aqueous  deposits,  has,  however,  found  its  advocates.  In 
support  of  this  view  I  have  endeavored  to  show  that  the  natural 
result  of  forces  constantly  in  operation  tends  to  resolve  the  various 
igneous  rocks  into  two  classes  of  sediments,  in  which  the  two  types 
are,  to  a  great  extent,  preserved.  The  mechanical  and  chemical 
agencies  which  transform  the  crystalline  rocks  into  sediments,  sepa- 
rate these  more  or  less  completely  into  coarse,  sandy,  permeable 
beds  on  the  one  hand,  and  fine  clayey  impervious  muds  on  the  other. 
The  action  of  infiltrating  atmospheric  waters  on  the  first  and  more 
silicious  strata  removes  from  them  lime,  magnesia,  iron-oxyd,  and 
soda,  leaving  behind  silica,  alumina,  and  potash,  —  the  elements  of 
granitic,  gneissic,  and  trachytic  rocks.  The  finer  and  more  alumi- 
nous sediments,  including  the  ruins  of  the  soft  and  easily  abraded 
silicates  of  the  pyroxene  group,  resisting  the  penetration  of  the 
water,  will,  on  the  contrary,  retain  their  alkalies,  lime,  magnesia, 
and  iron,  and  thus  will  have  the  composition  of  the  more  basic 
rocks.t 

A  little  consideration  will,  however,  show  that  this  process,  al- 
though doubtless  a  true  cause  of  differences  in  the  composition  of 
sedimentary  rocks,  is  not  the  only  one,  and  is  inadequate  to  ex- 
plain the  production  of  many  of  the  varieties  of  stratified  silicated 
rocks.  Such  are  serpentine,  steatite,  hornblende,  diallage,  chlorite, 
pinite,  and  labradorite,  all  of  which  mineral  species  form  rock-masses 
by  themselves,  firequently  almost  without  admixture.  No  geologi- 
cal student  will  now  question  that  all  of  these  rocks  occur  as 

*  Hunt  on  Some  Points  of  Chemical  Geology,  Quar.  Jour.  Geol.  Soc,  XV.  489. 
t  Quar.  Jour.  Geol.  Soc.,  zt.  489 ;  also,  Amer.  Jour.  Sci.,  II.,  xxx.  188. 
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memberB  of  stratified  formations.  Moreover,  the  maimer  in  which 
serpentines  are  found  interstratified  with  steatite,  chlorite,  argillite, 
diorite,  homblend^e,  and  feldspar  rocks,  and  these,  in  their  torn, 
with  quartzites  and  orthodase  rocks,  is  such  as  to  forbid  the  notion 
that  these  various  materials  have  been  deposited,  with  their  pres- 
ent composition,  as  mechanical  sediments  from  the  ruins  of 
pre-existing  rocks;  a  hypothesis  as  untenable  as  that  ancient 
one  which  supposed  them  to  be  the  direct  results  of  plutonic 
action. 

There  are,  however,  two  other  hypotheses  which  have  been  pro- 
posed to  explain  the  origin  of  these  various  silicated  rocks,  and 
especially  of  the  less  abundant,  and,  as  it  were,  exceptional  species 
just  mentioned.  The  first  of  these  supposes  that  the  minerals  of 
which  they  are  composed  have  resulted  firom  an  alteration  of  pre- 
viously existing  minerals,  often  very  unlike  in  composition  to  the 
present,  by  the  taking  away  of  certain  eleihents  and  the  addition 
of  certain  others.  This  is  the  theory  of  metamorphism  by  pseu- 
domoiphic  changes,  as  they  are  called,  and  is  the  one  taught  by 
the  now  reigning  school  of  chemical  geologists,  of  which  the 
learned  and  laborious  Bischo^  whose  recent  death  science  deplores, 
may  be  regarded  as  the  great  exponent.  The  second  hypothesis 
supposes  that  the  elements  of  these  various  rocks  were  originally 
deposited,  as,  for  the  most  part,  chemically  formed  sediments  or 
precipitates;  and  that  the  subsequent  changes  have  been  simply 
molecular,  or,  at  most,  confined  in  certain  cases  to  reactions  be- 
tween the  mingled  elements  of  the  sediments,  with  the  elimination 
of  water  and  carbonic  acid.  It  is  proposed  to  consider  briefly 
these  two  opposite  theories,  which  seek  to  explain  the  origin  of 
the  rocks  in  question  respectively  by  pseudomorphic  changes 
in  pre-existing  crystalline  rocks,  and  by  the  crystallization  of 
aqueous  sediments,  for  the  most  part  chemically  formed  precipi- 
tates. 

Mineral  pseudomorphism,  that  is  to  say,  the  assumption  by  one 
mineral  substance  of  the  crystalline  form  of  another,  may  arise  in 
several  ways.  First  of  these  is  the  filling  up  of  a  mould  left  by 
the  solution  or  decomposition  of  an  embedded  crystal,  a  process 
which  sometimes  takes  place  in  mineral  veins,  where  the  processes 
of  solution  and  deposition  can  be  freely  carried  on.  Allied  to 
this  is  the  mineralization  of  organic  remains,  where  carbonate 
of  lime  or  silica,  for  example,  fills  the  pores  of  wood.  When  sub- 
sequent decay  removes  the  woody  tissue,  the  vacant  spaces  may, 
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ID  their  turn,  be  filled  by  the  same  or  another  species.*  In  the 
second  place,  we  may  consider  pseudomorphs  from  alteration, 
which  are  the  result  of  a  gradual  change  in  the  composition  of  a 
mineral  species.  This  process  is  exemplified  in  the  conversion  of 
feldspar  into  kaolin  by  the  loss  of  its  alkali  and  a  portion  of  sil- 
ica, and  the  fixation  of  water,  or  in  the  change  of  chalybite  into 
limonite  by  the  loss  of  carbonic  acid  and  the  absorption  of  water 
and  oxygen. 

The  doctrine  of  pseudomorphism  by  alteration,  as  taught  by  6us- 
taf  Rose,  Haidinger,  Blum,  Volger,  Rammelsberg,  Dana,  Bischof^ 
and  many  others,  leads  them,  however,  to  admit  still  greater  and 
miore  remarkable  changes  than  these,  and  to  maintain  the  possi- 
bility of  converting  almost  any  silicate  into  any  other.  Thus,  by 
referring  to  the  pages  of  Bischof 's  "  Lehrbuch  der  Geognosie,"  it  will 
be  found  that  serpentine  is  said  to  exist  as  a  pseudomorph  after  au- 
gite,  hornblende,  olivine,  chondrodite,  garnet,  mica,  and  probably 
also  after  labradorite,  and  even  orthoclase.  Serpentine  rock,  or 
ophiolite,  is  supposed  to  have  resulted,  in  different  cases,  fix>m  the 
alteration  of  hornblende-rock,  diorite,  granulite,  and  even  granite. 
Not  only  sUicates  of  protoxyds  and  aluminous  silicates  are  con- 
ceived to  be  capable  of  this  transformation,  but  probably  also 
quartz  itself;  at  least,  Blum  asserts  that  meerschaum,  a  closely  re- 
lated sUicate  of  magnesia,  which  sometimes  accompanies  serpen- 
tine, results  firom  the  alteration  of  flint ;  while,  according  to  Rose, 
serpentine  may  even  be  produced  from  dolomite,  which  we  are 
told  is  itself  produced  by  the  alteration  of  limestone.  But  this  is 
not  all,  —  feldspar  may  replace  carbonate  of  lime,  and  carbonate 
of  lime  feldspar ;  so  that,  according  to  Volger,  some  gneissoid  lime- 
stones are  probably  formed  from  gneiss  by  the  substitution  of 
caldte  for  orthoclase.  In  this  way,  we  are  led  from  gneiss  or 
granite  to  limestone,  from  limestone  to  dolomite,  and  from  dolo- 
mite to  serpentine,  or,  more  directly,  from  granite,  granulite,  or 
diorite,  to  serpentine  at  once,  without  passing  through  the  inter- 
mediate stages  of  limestone  and  dolomite,  till  we  are  ready  to 
exclaim,  in  the  words  of  Groethe  :  — 

*'  lUcfa  angstigt  das  Yerf  angliche 
Ln  widrigen  Geschwatz. 
Wo  Nichts  verhairet,  Alles  flieht, 
Wo  schon  yerschwunden  was  man  deht/'  f 

*  Hunt  on  the  Silidfication  of  Fossils,  Canadian  Naturalist  new  series,  L  46. 
t  Chinesisch-Deutsche  Jahres  nnd  Tages  Zeiten,  zi.  # 
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which  we  may  thus  translate :  ^  I  am  vexed  with  the  sophistry  in 
their  contrary  jargon,  where  nothing  endures,  but  all  is  fngitive,  and 
where  what  we  see  has  already  passed  away." 

By  far  the  greater  number  of  cases  on  which  this  general  theory 
of  pseudomorphism  by  a  slow  process  of  alteration  in  minerals  has 
been  based  are,  as  I  shall  endeavor  to  show,  examples  of  the  phe- 
nomenon of  mineral  envelopment,  so  well  studied  by  Delesse  in 
his  essay  on  Pseudomorphs,*  and  may  be  considered  under  two 
heads :  first,  that  of  symmetrical  envelopment,  in  which  one  min- 
eral spedes  is  so  enclosed  within  the  other  that  the  two  appear 
to  form  a  single  crystalline  individual.  Examples  of  this  are  seen 
when  prisms  of  cyanite  are  surrounded  by  staurolite,  or  staurolite 
crystals  completely  enveloped  in  those  of  cyanite,  the  vertical  axes 
of  the  two  prisms  correspondmg.  Similar  cases  are  seen  in  the 
enclosure  of  a  prism  of  red  in  an  envelope  of  green  tourmaline,  of 
allanite  in  epidote,  and  of  various  minerals  of  the  p3^oxene  group 
in  one  another.  The  occurrence  of  muscovite  in  lepidolite,  and 
of  margarodite  in  lepidomelane,  or  the  inverse,  are  well-known 
examples,  and,  according  to  Scheerer,  the  crystallization  of  serpen- 
tine around  a  nucleus  of  olivine  is  a  similar  case.  This  phenome- 
non of  symmetrical  envelopment,  as  remarked  by  Delesse,  shows 
itself  with  species  which  are  generally  isomorphous  or  homoeomor- 
phous,  and  of  related  chemical  composition.  Allied  to  this  is  the 
repeated  alternation  of  crystalline  laminsB  of  related  species,  as 
in  perthite,  the  crystalline  cleavable  masses  of  which  consist  of 
thin,  alternating  ^yers  of  orthoclase  and  albite. 

Very  unlike  to  the  above  are  those  cases  of  envelopment  in 
which  no  relations  of  crystalline  symmetry  nor  of  similar  chemi- 
cal constitution  can  be  traced.  Examples  of  this  kind  are  seen  in 
garnet  crystals,  the  walls  of  which  are  shells,  sometimes  no 
thicker  than  paper,  enclosing,  in  different  cases,  crystalline  carbon- 
ate of  lime,  epidote,  chlorite,  or  quartz.  In  like  manner  crystal- 
line shells  of  leucite  enclose  feldspar,  hollow  prisms  of  tourmaline 
are  filled  with  crystals  of  mica  or  with  hydrous  peroxyd  of  iron, 
and  crystals  of  beryl  with  a  granular  mixture  of  orthoclase  and 
quartz,  holding  small  crystals  of  garnet  and  tourmaline,  a  compo- 
sition identical  with  the  enclosing  granitic  veinstone.f  Similar 
shells  of  galenite  and  of  zircon,  having  the  external  forms  of 

•  Annales  des  Bfines,  V.,  xri.  817-892. 

t  Report  Geol.  Surrey  of  Canada,  1866,  p.  189. 
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these  species,  are  also  found  filled  with  calcite.  In  many  of  these 
cases  the  process  seems  to  have  been  first  the  formation  of  a  hol- 
low mould  or  skeleton-crystal  (a  phenomenon  sometimes  observed 
in  salts  crystallizing  fi*om  solutions),  the  cavity  being  subsequently 
filled  with  other  matters.  Such  a  process  is  conceivable  in  free 
crystals  found  in  veins,  as  for  example,  galenite,  zircon,  tourmaline, 
beryl,  and  some  examples  of  garnet,  but  is  not  so  intelligible  in  the 
case  of  those  garnets  imbedded  in  mica-schist,  studied  by  Delesse, 
which  enclosed  within  their  crystalline  shells  irregular  masses  of 
white  quartz,  with  some  little  admixture  of  garnet.  Delesse  con- 
ceives these  and  similar  cases  to  be  produced  by  a  process  analogous 
to  that  seen  in  the  crystallization  of  calcite  in  the  Fontainebleau 
sandstone ;  where  the  quartz  grains,  mechanically  enclosed  in  well- 
defined  rhombohedral  crystals,  equal,  according  to  him,  sixty-five 
per  cent  of  the  mass.  Very  similar  to  these  are  the  crystalloids 
with  the  form  of  orthoclase,  which  sometimes  consist  in  large  part 
of  a  granular  mixture  of  quartz,  mica,  and  orthoclase,  with  a  little 
cassiterite,  and,  in  other  cases,  contain  two-thirds  their  weight  of 
the  latter  mineral,  with  an  admixture  of  orthoclase  and-  quartz. 
Crystals  with  the  form  of  scapolite,  but  made  up,  in  a  great  part, 
of  mica,  seem  to  be  like  cases  of  envelopment,  in  which  a  small  pro- 
portion of  one  substance,  in  the  act  of  crystallization,  compels  into 
its  own  crystalline  form  a  large  portion  of  some  foreign  material, 
which  may  even  so  mask  the  crystallizing  element  that  this  be- 
comes overlooked,  as  of  secondary  importance.  The  substance 
which,  under  the  name  of  houghite,  has  been  described  as  an  al- 
tered spinel,  is  found  by  analysis  to  be  an  admixture  of  voUknerite 
with  a  variable  proportion  of  spinel,' which,  in  some  specimens,  does 
not  exceed  eight  per  cent,  but  to  which,  nevertheless,  these  crystal- 
loids appear  to  owe  their  more  or  less  complete  octahedral  form.* 
The  above  characteristic  examples  of  symmetrical  and  asymmet- 
rical envelopment  are  cited  from  a  great  number  of  others  which 
might  have  been  mentioned.  Very  many  of  these  are  by  the  pseu- 
domorphists  regarded  as  results  of  partial  alteration.  Thus,  in 
the  case  of  associated  crystals  of  andalusite  and  cyanite,  Bischof 
does  not  hesitate  to  maintain  the  derivation  of  andalusite  from 
the  latter  species  by  an  elimination  of  quartz ;  more  than  this,  as 
the  andalusite  in  question  occurs  in  a  granite-like  rock,  he  sug- 

*  Report  Geol.  Surrey  of  Canada,  1866,  pp.  189,  218.    Amer.  Jour.  Sci., 
m,  i.  188. 
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gests  that  itself  is  a  product  of  the  alteration  of  orthoclase.  In 
like  manner  the  mica,  which  in  some  cases  coats  tourmaline,  and 
in  others  fills  hollow  prisms  of  this  mineral,  is  supposed  to  result 
from  a  subsequent  alteration  of  crystallized  tourmaline.  So  in 
the  case  of  shells  of  leucite  filled  with  feldspar,  or  of  garnet  en- 
closing epidote,  or  chlorite,  or  quartz,  a  similar  transformation  of 
the  interior  is  supposed  to  have  been  mysteriously  effected,  while 
the  eztem&l  portion  of  the  cryBtal  remains  intact.  Again,  the 
aggregates  of  tinstone,  quartz,  and  orthoclase,  having  the  form  of 
the  latter,  are,  by  Bischof  and  his  school,  looked  upon  as  results  of 
a  partial  alteration  of  previously  fenced  orthoclase  crystals.  It 
needed  only  to  extend  this  view  to  the  crystals  of  calcite  enclos- 
ing sand-grains,  and  regard  these  as  the  result  of  a  partial  alter- 
ation of  the  carbonate  of  lime.  There  is  absolutely  no  proof 
that  these  hard  crystalline  substances  can  undergo  the  changes 
supposed,  or  can  be  absorbed  and  modified  like  the  tissues  of  a 
living  organism.  It  may,  moreover,  be  confidently  affirmed  that 
the  obvious  fiusts  of  envelopment  are  adequate  to  explain  all  the 
oases  of  association  upon  which  this  hypothesis  of  pseudomorphism 
by  alteration  has  been  based.  Why  the  change  should  extend  to 
some  parts  of  a  crystal  and  not  to  others ;  why,  in  some  cases,  the 
exterior  of  the  crystal  is  altered,  while  in  others  the  centre  alone 
is  removed  and  replaced  by  a  different  material,  are  questions 
which  the  advocates  of  this  fanciftil  hypothesis  have  not  explained. 
As  taught  by  Blum  and  Bischof  however,  these  views  of  the 
alteration  of  mineral  species  have  not  only  been  generally  ac- 
cepted, but  have  formed  the  basis  of  the  generally  received  theory 
of  rock-metamorphism. 

Protests  against  the  views  of  this  school  have,  however,  not  been 
wanting.  Scheerer,  in  1846,  in  his  researches  in  Polymeric  Iso- 
morphism,* attempted  to  show  that  iolite  and  aspasiolite,  a  hydrous 
species  which  had  been  looked  upon  as  resulting  from  its  alter- 
ation, were  isomorphus  species  crystallizing  together,  and,  in  like 
manner,  that  the  association  of  olivine  and  serpentine  in  the  same 
crystal,  at  Snarum  in  Norway,  was  a  case  of  envelopment  of  two 
isomorphous  species.  In  both  of  these  instances  he  maintmned 
the  existence  of  isomorphous  relations  between  silicates  in  which 
3H0  replaced  MgO.  He  hence  rejected  the  view  of  Gustaf  Rose, 
that  these  serpentine  crystals  were  results  of  the  alteration  of 

*  Pogg.  Annal.,  Izyiii.  819. 
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oliyine,  and  supported  his  own  by  reasons  drawn  from  the  con* 
ditions  in  which  the  crystals  occur.  In  1853  I  took  np  this  ques- 
tion, and  endeavored  to  show  that  these  cases  of  isomorphism, 
described  by  Scheerer,  entered  into  a  more  general  law  of  isomor- 
phism pointed  out  by  me  among  homologous  compounds  differing 
in  their  formulas  by  nMfi^  (M= hydrogen  or  a  metal).  I  in- 
sisted, moreover,  on  its  bearing  upon  the  received  views  of  the 
alteration  of  minerals,  and  remarked,  ''  The  generally  admitted 
notions  of  pseudomorphism  seem  to  have  originated  in  a  too  exclu- 
sive plutonism,  and  require  such  varied  hypotheses  to  explain  the 
difTerent  cases,  that  we  are  led  to  seek  for  some  more  simple  ex- 
planation, and  to  find  it,  in  many  instances,  in  the  association  and 
crystallizing  together  of  homologous  and  isomorphous  species."  * 
Subsequently,  in  1860,  I  combated  the  view  of  Bischo^  adopted 
by  Dana,  that  ^regional  metamorphism  is  pseudomorphism  on  a 
grand  scale,"  in  the  following  terms :  — 

**The  ingenious  specalations  of  Bischof  and  others,  on  the  possible  alter- 
ation of  mineral  speoies  by  the  action  of  various  saline  and  alkaline  solutions, 
may  pass  for  what  they  are  worth,  although  we  are  satisfied  that  by  far  the 
greater  part  of  the  so-called  cases  of  pseudomorphism  in  silicates  are  purely 
imaginary,  and,  when  real,  are  but  local  and  accidental  phenomena.  Bis- 
chors  notion  of  the  pseudomorphism  of  silicates  like  feldspars  and  pyrox- 
enes, presupposes  the  existence  of  crystalline  rocks,  whose  generation  this 
neptunist  never  attempts  to  explain,  but  takes  his  starting-point  from  a 
plutonic  basis." 

I  then  asserted  that  the  problem  to  be  solved  in  regional  meta- 
moiphism  is  the  conversion  of  sedimentary  strata,  "derived  by 
chemical  and  mechanical  agencies  from  the  ocean-waters,  and  pre- 
existing crystalline  rocks,  into  aggregations  of  crystalline  silicates. 
These  metamorphic  rocks,  once  formed,  are  liable  to  alteration 
only  by  local  and  superficial  agencies,  and  are  not,  like  the  tissues 
of  a  living  organism,  subject  to  incessant  transformations,  the 
pseudomorphism  of  Bischof."  f 

I  had  not,  at  that  time,  seen  the  essay,  by  Delesse,  on  Pseudo- 
morphs,  already  referred  to,  published  in  1859,  in  which  he  main- 
tained views  similar  to  those  set  forth  by  me  in  1853  and  1860, 
declaring  that  much  of  what  had  been  regarded  as  pseudomorphism 
had  no  other  basis  than  the  observed  associations  of  minerals,  and 

•  Amer.  Jour.  Sci.,  II.,  xvi.  218. 
t  Ibid.,  II.,  XXX.  136. 
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that  often  '<  the  so-called  metamorphism  finds  its  natural  explanar- 
tion  in  envelopment."  These  views  he  ably  and  ingeniously  de- 
fended by  a  careful  discussion  of  the  whole  range  of  facts  belonging 
to  the  history  of  the  subject. 

My  own  expression  of  opinion  on  this  question,  in  1853,  had 
been  privately  criticised,  and  I  had  been  charged  with  a  want  of 
comprehension  of  the  question.  It  was,  therefore,  with  no  small 
pleasure,  that  I  not  only  saw  my  views  so  ably  supported  by 
Delesse,  but  read  the  language  of  Carl  Friedrich  Naumann,  who 
in  1861  wrote  to  Delesse  as  follows,  referring  to  his  essay  just 
noticed: — 

"You  haye  rendered  a  veritable  service  to  science  in  restricting  pseudo- 
morphs  to  their  true  limits,  and  separating  what  had  been  erroneously  united 
to  them.  As  you  have  remarked,  envelopments  have,  for  the  most  part, 
nothing  in  common  with  pseudomorphs,  and  it  is  inconceivable  that  they 
have  been  united  by  so  many  mineralogists  and  geologists.  It  appears  to 
me,  moreover,  that  they  commit  an  analogous  error,  when  they  regard 
gneisses,  amphibolites,  &c.,  as  being,  all  of  them,  the  results  of  metamor^ 
phic  epigenesis,  and  not  original  rocks.  It  is  precisely  because  pseudo- 
morphism has  been  so  often  confounded  with  metamorphism  that  this  en*or 
has  found  acceptance.  I  only  admit  a  pseudomorph  where  there  is  some 
crystal,  the  form  of  which  has  been  preserved.  There  are  very  many  meta- 
morphic  substances  which  are,  in  no  sense  of  the  word,  pseudomorphs.  Had 
the  name  o{  crystalloid  been  chosen,  instead  of  pseudomorph,  this  confusion 
would  certainly  have  never  found  its  way  into  the  science.  I  think,  with 
you,  that  the  envelopment  of  two  minerals  is  most  generally  explained  by  a 
contemporaneous  and  original  crystallization.  Secondary  envelopments, 
however,  exist,  and  such  may  be  called  pseudomorphs  or  crystalloids,  if 
they  reproduce  exactly  the  form  of  the  crystal  enveloped,  whether  this  last 
still  remains,  or  has  entirely  disappeared.^*  * 

It  is  unnecessary  to  remark  that  the  view  of  Delesse  and  Nau- 
mann,  viz.,  that  the  so-called  cases  of  pseudomorphism,  on  which 
the  theory  of  metamorphism  by  alteration  has  been  built,  are, 
for  the  most  part,  examples  of  association  and  envelopment,  and 
the  result  of  a  contemporaneous  and  original  crystallization,  —  is 
identical  with  the  view  suggested  by  Scheerer,  and  generalized  by 
myself  long  before,  when,  in  1853,  I  sought  to  explain  the  phe- 
nomena in  question  by  ^  the  association  and  crystallizing  together 
of  homologous  and  isomorphous  species.^' 

Later,  in  1862, 1  wrote  as  follows :  — 

*  Bull.  Soc.  Geol.  de  France,  II.,  xviii.  678. 
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**  Psendomorphism,  which  is  the  change  of  one  mineral  species  into  an- 
other, bj  the  introduction  or  the  elimination  of  some  element  or  elements, 
presupposes  metamorphism  (i.e.,  metamorphic  or  crystalline  rocks),  since 
only  definite  mineral  species  can  be  the  subjects  of  this  process.  To  con- 
found metamorphism  with  pseudomorphism,  as  Bischof  and  others  after 
him  have  done,  is  therefore  an  error.  It  may  be  farther  remarked,  that, 
although  certain  pseudomorphic  changes  may  take  place  in  some  mineral 
species,  in  Toins,  and  near  the  surface,  the  alteration  of  great  masses  of 
sllicated  rocks  by*  such  a  process  is,  as  yet,  an  unproved  hypothesis."  ♦ 

Thus  this  unproved  theory  of  pfieudomorphism,  as  taught  by 
Bischof  does  not,  even  if  admitted  to  its  fullest  extent,  advance 
us  a  single  step  towards  a  solution  of  the  problem  of  tlie  origin 
of  the  various  silicates,  which,  singly  or  intermingled,  make  up 
beds  in  the  crystalline  schists.  Granting,  for  the  sake  of  argu- 
ment, that  serpentine  results  from  the  alteration  of  olivine  or 
labradorite,  and  steatite  or  chlorite  from  hornblende,  the  origin  of 
these  anhydrous  silicates,  which  are  the  subjects  of  the  supposed 
change,  is  still  unaccounted  for.  The  explanation  of  this  short- 
sightedness is  not  far  to  seek;  as  already  remarked,  Bischof, 
although  a  professed  neptunist,  starts  from  a  plutonic  basis. 
When  the  epigenic  origin  of  serpentine  and  its  related  rocks  was 
first  taught,  these  were  regarded  as  eruptive  and  unstratified,  and 
it  was  easy  to  imagine  intruded  masses  of  dioritic  and  feldspathic 
rocks,  which  had  become  the  subjects  of  alteration.  ,  As,  however, 
the  progress  of  careful  investigation  in  the  field  has  shown  the 
stratified  character  of  these  serpentines,  diallage-rocks,  steatites, 
&C.9  and  their  intercalation  among  limestones,  argillites,  quartz- 
ites,  gneisses,  and  mica-schists,  and  even  among  feldspathic  and 
homblendic  strata,  we  are  forced  to  reject,  with  Naumann,  the 
notion  of  their  epigenic  derivation,  and  to  regard  them  as  original 
rocks. 

This  view  brings  us  face  to  face  with  the  problem  of  metamor- 
phism as  defined  by  me  in  1860 1  (ante^  page  43).  We  must  either 
admit  that  these  crystalline  schists  were  created  as  we  find  them, 
or  suppose  that  they  were  once  sands,  clays,  marls,  &c.;  in  a 
word,  sediments  of  chemical  and  mechanical  origin,  which,  by 
a  subsequent  process,  have  been  consolidated  and  crystallized. 

*  Descriptive  Catalogue,  Crystalline  Bocks  of  Canada,  p.  80,  London  Exhi- 
bition, 1862;  also,  Dublin  Quar.  Journal,  July,  1868,  and  Amer.  Jour.  Sci.,  11., 
zxxvi.  218. 

t  Amer.  Jour.  Sd.,  n.,  xxx.  186. 
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Whence,  then,  oome  these  silicates  of  magnesia,  lime,  and  iron, 
which  are  the  sources  of  serpentine,  hornblende,  steatite,  chlorite, 
&c.  ?  This  is  the  question  which  I  proposed  in  that  same  year, 
when,  after  discussing  the  results  of  my  examinations  of  the  ter- 
tiary rocks  near  Paris,  containing  layers  of  a  hydrous  silicate  of 
magnesia,  related  to  talc  in  composition,  among  unaltered  lime- 
stones and  clays,  I  remarked  that  it  is  evident  ^such  silicates 
may  be  formed  in  basins  at  the  earth's  surface,  by  reactions 
between  magnesian  solutions  and  dissolved  silica;"  tod,  after 
some  farther  discussion,  said  ^  further  inquiries  in  this  direc- 
tion may  show  to  what  extent  certain  rocks  composed  of  calca- 
reous and  magnesian  silicates  may  be  directly  formed  in  the 
moist  way."*  Subsequently,  in  a  paper  on  "The  Origin  of 
some  Magnesian  and  Aluminous  Rocks,"  printed  in  the  "Cana- 
dian Naturalist "  for  June,  1860,t  I  repeated  these  considerations, 
referring  to  the  well-known  fact  that  silicates  of  lime,  magnesia 
and  iron-oxyd  are  deposited  during  the  evaporation  of  natural 
waters,  including  those  of  alkaline  springs  and  of  the  Ottawa 
River.  Having  described  the  mode  of  occurrence  of  the  mag- 
nesian silicate,  sepiolite,  in  the  Paris  basin,  and  the  related 
quincite,  containing  some  iron-oxyd  and  disseminated  in  lime- 
stone, I  suggested  that  while  steatite  haa  been  derived  from  a 
compound  like  sepiolite,  the  source  of  serpentine  was  to  be  sought 
in  another  silicate  richer  in  magnesia ;  and,  moreover,  that  chlo- 
rite, unless  the  result  of  a  subsequent  reaction  between  clay  and 
carbonate  of  magnesia,  was  directly  formed  by  a  process  analogous 
to  that  which  (according  to  Scheerer)  has,  in  recent  times,  caused 
the  deposition,  from  waters,  of  neolite  a  hydrous  alumino-magne- 
sian  silicate  approaching  to  chlorite  in  composition,  1: "  the  type  of 
a  reaction  which  formerly  generated  beds  of  chlorite  In  the  same 
way  as  those  of  sepiolite  or  talc."  Delesse,  subsequently,  in  1861, 
in  his  essay  on  Rock-Metamorphism,  insisted  upon  the  sepio- 
lites,  or  so-called  magnesian  marls,  as  probably  the  source  of 
steatite,  and  suggested  the  derivation  of  serpentine,  chlorite,  and 
other  related  minerals  of  the  crystalline  schists,  from  deposits 
approaching  these  marls  in  composition.  §    He  recalled,  also,  the 


*  Amer.  Jour.  Sci.,  II.,  xziz.  284 ;  also  11.,  zl.  49. 

t  Ibid.,  n.,  zxxii.  2^. 

t  Fogg.  Annal,  Ixxi.  288. 

§  Etudes  8ur  le  MetamorphlBme,  quarto,  p.  91,    Paris,  1861. 
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oocarrence  of  chromio  oxyd,  a  frequent  accompaniment  of  these 
magnesian  mineraLs,  in  the  hydrated  iron  ores'  of  the  same  geo- 
logical horizon  with  the  magnesian  marls  in  France.  Delesse  did 
not,  however,  attempt  to  account  for  the  origin  of  these  deposits 
of  magnesian  marls,  in  explanation  of  which  I  afterwards  verif  ed 
Bischors  observations  on  the  sparing  solubility  of  silicate  of  mag- 
nesia and  showed  that  silicate  of  soda,  or  even  artificial  hydrated 
olicate  of  lime,  when  added  to  waters  containing  magnesian 
chlorid  or  sulphate,  gives  rise,  by  double  decomposition,  to  a  very 
insoluble  magnesian  silicate.* 

To  explain  the  generation  of  silicates  like  labradorite,  scapo- 
lite,  garnet,  and  saussurite,  I  suggested  that  double  aluminous 
silicates  allied  to  the  zeolites  might  have  been  formed,  and  subse- 
quently rendered  anhydrous.  The  production  of  zeolitic  minerals 
observed  by  Daubr^e  at  Plombieres  and  Luxeuil,  by  the  action  of 
a  silicated  alkaline  water  on  the  masonry  of  ancient  Roman  baths, 
was  appealed  to  by  way  of  illustration.  It  had  there  been  shown 
by  Daubr^e  that  the  elements  of  the  zeolites  had  been  derived  in 
part  from  the  waters,  and  in  part  from  the  mortar,  and  even  the 
clay  of  the  bricks,  which  had  been  attacked,  and  had  entered  into 
combination  with  the  soluble  matters  of  the  water  to  form  chaba- 
zite.  I,  however,  at  the  same  time  pointed  out  another  source  of 
silicated  minerals,  upon  which  I  had  insisted  since  1857,  viz., 
the  reaction  between  silicious  or  argillaceous  matters  and  earthy 
carbonates  in  the  presence  of  alkaline  solutions.  Numerous  ex- 
periments showed  that  when  solutions  of  an  alkaline  carbonate 
were  heated  with  a  mixture  of  silica  and  carbonate  of  magnesia, 
the  alkaline  silicate  formed  acted  upon  the  latter,  yielding  a  sili- 
cate of  magnesia,  and  regenerating  the  alkaline  carbonate ;  which, 
without  entering  into  permanent  combination,  was  the  medium 
through  which  the  union  of  the  silica  and  the  magnesia  was  ef- 
fected. In  this  way  I  endeavored  to  explain  the  alteration,  in  the 
vicinity  of  a  great  intrusive  mass  of  dolerite,  of  a  grey  Silurian 
limestone,  which  contained,  besides  a  little  carbonate  of  magnesia 
and  iron-oxyd,  a  portion  of  very  silicious  matter,  consisting  ap- 
parently of  comminuted  orthoclase  and  quartz.  In  place  of  this, 
there  had  been  developed  in  the  limestone,  near  its  contact  with 
the  dolerite,  an  amorphous  greenish  basic  silicate,  which  had 
seemingly  resulted  from  the  union  of  the  silica  and  alumina  with 

*  Amer.  Jour.  Sd.,  11.,  zl.  49. 
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the  iron  oxyd,  the  magnesia,  and  a  portion  of  lime.  By  the  crys- 
tallization of  the  products  thus  generated  it  was  conceived  that 
minerals  like  hornblende,  garnet,  and  epidote,  might  be  developed 
in  earthy  sediments,  and  many  cases  of  local  alteration  explained. 
Inasmuch  as  the  reaction  described  required  the  intervention  of 
alkaline  solutions,  rocks  from  which  these  were  excluded  would 
escape  change,  although  the  other  conditions  might  not  be  want- 
ing. The  natural  associations  of  minerals,  moreover,  led  me  to 
suggest  that  alkaline  solutions  might  favor  the  crystallization  of 
aluminous  silicates,  and  thus  convert  mechanical  sediments  into 
gneisses  and  mica-schists.  The  ingenious  experiments  of  Dau- 
br^e  on  the  part  which  solutions  of  alkaline  silicates,  at  elevated 
temperatures,  may  play  in  the  formation  of  crystallized  minerals, 
such  as  feldspar  and  pyroxene,  were  posterior  to  my  early  publi- 
cations on  the  subject,  and  fully  justified  the  importance  which, 
early  in  1857, 1  attributed  to  the  intervention  of  alkaline  silicates 
in  the  formation  of  crystalline  silicated  minerals."*^ 

While,  however,  there  is  good  reason  to  believe  that  solutions  of 
alkaline  silicates  or  carbonates  have  been  efficient  agents  in  the 
crystallization  and  molecular  re-arrangement  of  ancient  sediments, 
and  have  also  played  an  important  part  in  that  local  alteration  of 
sedimentary  strata,  which  is  often  observed  in  the  vicinity  of  intru- 
sive rocks,  it  is  clear  to  me  that  the  agency  of  these  solutions  is 
less  universal' than  once  supposed  by  Daubr6e  and  myself  and  will 
not  account  for  the  formation  of  various  silicated  rocks  found 
among  crystalline  schists,  such  as  serpentine,  hornblende,  steatite, 
and  chlorite.  When  I  commenced  the  study  of  these  crystalline 
strata  I  was  led,  in  accordance  with  the  almost  universally  received 
opinion  of  geologists,  to  regard  them  as  resulting  from  a  subse- 
quent alteration  of  paleozoic  sediments,  which  according  to  differ- 
ent authorities,  were  of  Cambrian,  Silurian,  or  Devonian  age.  Thus 
in  the  Appalachian  region,  as  we  have  already  seen,  they  have,  on 
supposed  stratigraphical  evidence,  been  successively  placed  at  the 
base,  at  the  summit,  and  in  the  middle  of  the  Lower  Silurian  or 
Champlain  division  of  the  New  York  system.  A  careful  chemical 
examination  among  the  unaltered  paleozoic  sediments,  which  in 
Canada  were  looked  upon  as  the  stratigraphical  equivalents  of  the 
bands  of  magnesian  silicates  in  these  crystalline  schists,  showed 


♦  Pipoc.  Royal  Soc ,  May  7, 1867.    Amer.  Jour.  Sci.,  n.,  xxiii.  438,  and  xxv . 
289  and  486. 
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me,  however,  no  magnesian  rocks  except  certain  siliciou^  and 
ferruginous  dolomites.  From  a  consideration  of  reactions  which 
I  had  observed  to  take  place  in  such  admixtures  in  presence  of 
heated  alkaline  solutions,  and  from  the  composition  of  the  basic 
silicates  which  I  had  found  to  be  formed  in  silicious  limestones 
near  their  contact  with  eruptive  rocks,  I  was  led  to  suppose  that 
similar  actions,  on  a  grand  scale,  might  transform  these  silicious 
dolomites  of  the  unaltered  strata  into  crystalline  magnesian  sili- 
cates. 

Farther  researches,  however,  convinced  me  that  this  view  was 
inapplicable  to  the  crystalline  schists  of  the  Appalachians,  since, 
apart  from  the  geognostical  considerations  set  forth  in  the  previous 
part  of  this  paper,  I  found  that  these  same  crystalline  strata  hold 
beds  of  quartzose  dolomite  and  magnesian  carbonate,  associated  in 
such  intimate  relations  with  beds  of  serpentine,  diallage,  and  stea- 
tite, as  to  forbid  the  notion  that  these  silicates  could  have  been 
generated  by  any  transformations  or  chemical  rearrangement  of 
mixtures  like  the  accompanying  beds  of  quartzose  magnesian  car- 
bonates. Hence  it  was  that  already,  in  1860,  as  shown  above,  I 
announced  my  conclusion  that  serpentine,  chlorite,  and  steatite,  had 
been  derived  from  silicates  like  sepiolite,  directly  formed  in  waters 
at  the  earth's  surface,  and  that  the  crystalline  schists  had  resulted 
from  the  consolidation  of  previously  formed  sediments,  partly 
chemical  and  partly  mechanical  in  their  origin.  The  latter  being 
chiefly  silico-aluminous,  took,  in  part,  the  forms  of  gneiss  and  mica- 
schists,  while  from  the  more  argillaceous  strata,  poorer  in  alkali, 
much  of  the  aluminous  silicate  crystallized  as  andalusite,  stauro- 
lite,  cyanite,  and  garnet.  These  views  were  reiterated  in  1863,* 
and  farther,  in  1864,  in  the  following  language,  as  regards  the 
chemically  formed  sediments:  "Steatite,  serpentine,  pyroxene, 
hornblende,  and  in  maty  cases,  garnet,  epidote,  and  other  silicated 
minerals  are  formed  by  a  crystallization  and  molecular  rearrange- 
ment of  silicates  generated  by  chemical  processes  in  waters  at  the 
earth's  surface."  t  Their  alteration  and  crystallization  was  com- 
pared to  that  of  the  mechanically  formed  feldspathic,  silicious,  and 
argillaceous  sediments  just  mentioned. 

The  direct  formation  of  the  crystalline  schists  from  an  aqueous 
magma  is  a  notion  which  belongs  to  an  early  period  in  geological 

« 

*  Geol.  of  Canada,  pp.  677-681. 
t  Amer.  Jour.  Sd.,  II.,  zzxvii.  266,  and  xxxviii.  188. 
A.  A.  A.  S.  VOL.  XX.  7 
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theoty.  Delabeche,  in  1834,*  conceived  that  they  were  thrown 
down  as  chemical  deposits  from  the  waters  of  the  heated  ocean, 
after  its  reaction  on  the  crust  of  the  cooling  globe,  and  before  the 
appearance  of  organic  life.  This  view  was  revived  by  Danbr^  in 
1860.  Having  sought  to  explain  the  alteration  of  paleozoic  strata 
of  mechanical  origin,  by  the  action  of  heated  waters,  he  proceeds 
to  discuss  the  origin  of  the  still  more  ancient  crystalline  schists. 
The  first  precipitated  waters,  according  to  him,  acting  on  the  anhy- 
drous silicates  of  the  earth's  crust,  at  a  very  elevated  temperature, 
and  at  a  great  pressure,  which  he  estimated  at  two  hundred  and 
fifty  atmospheres,  formed  a  magma,  from  which,  ^  it  cooled,  were 
successively  deposited  the  various  strata  of  the  crystalling  schists.! 
This  hypothesis,  violating,  as^i^-^t^es^  ^i^?^4i£  notions  which  sound 
theory  teaches  with  reg/a^^  me^c^e^i^mtfLof  a  cooling  globe, 
has,  moreover,  to  enQOimter  .gM^rcr^ogno<ulal  difficulties.  The 
pre-Silurian  crystalli^g^rocks  l>ebiictf|Q|two  .*/  more  distinct  sys- 
tems of  different  agis,  succfeemig  eacfa.  otJapr/n  discordant  strat- 
ification. The  wholi  hktory^f  fffese  ^|^^^oreover,  shows  that 
their  various  alterna\^^^t|Bfp|^r^|^^(losited,  not  as  precipi- 
tates from  a  seething  soItAMi^JbH^r^nder  conditions  of  sedimen- 
tation very  like  those  of  more  recent  times.  In  the  oldest  known 
of  them,  the  Laurentian  system,  great  limestone  formations  are 
interstratified  with  gneisses,  quartzites,  and  even  with  conglom- 
erates. All  analogy,  moreover,  leads  us  to  conclude  that  even  at 
this  early  period,  life  existed  at  the  surface  of  the  planet.  Great 
accumulations  of  iron-oxyd,  beds  of  metallic  sulphids,  and  of 
graphite,  exist  in  these  oldest  strata,  and  we  know  of  no  other 
agency  than  that  of  organic  matter,  capable  of  generating  these 
products. 

Bischof  had  already  arrived  at  the  conclusion,  which  in  the 
present  state  of  our  knowledge  seems  inevitable,  that  "  all  the  car- 
bon yet  known  to  occur  in  a  free  state,  can  only  be  regarded  as 
a  product  of  the  decomposition  of  carbonic  acid,  and  as  derived 
from  the  vegetable  kingdom.''  He  farther  adds,  «*  living  plants 
decompose  carbonic  acid;  dead  organic  matters  decompose  sul- 
phates, so  that,  like  carbon,  sulphur  appears  to  owe  its  existence 
in  a  free  state  to  the  organic  kingdom."  1:    As  a  decomposition 


*  Researches  in  Theoretical  Geology,  pp.  297-800. 

t  Etudes  et  exp^ences  sjnth^tiques  sur  le  Metamorphisme,  pp.  119-121. 

}  Bischof,  Lefarbiich,  Isted.,  II.  96;  Englished.,  I.  262,  844. 
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(deoxidatioD)  of  sulphates  is  necessary  to  the  production  of  me- 
tallic sulphids,  the  presence  of  the  latter,  not  less  than  that  of 
free  sulphur  and  iree  carbon,  depends  on  organic  bodies;  the  part 
which  thede  play  in  reducing  and  rendering  soluble  the  peroxyd  of 
iron,  and  in  the  production  of  iron  ores,  is,  moreover,  well  known. 
It  was,  therefore,  that,  after  a  careful  study  of  these  ancient  rocks, 
I  declared  in  May,  1858,  that  a  great  mass  of  evidence  ^  points 
to  the  existence  of  organic  life,  even  during  the  Laurentian,  or  so- 
called  azoic  period."* 

This  prediction  was  soon  verified  in  the  discovery  of  the  Eozoon 
Canadenae^  of  Dawsop,  the  organic  character  of  which  is  now  ad- 
mitted by  all  zoologists  and  geologists  of  authority.  But  with 
this  discovery  appeared  another  fact,  which  afforded  a  signal  veri- 
fication of  my  theory  as  to  the  Origin  and  mode  of  deposition  of 
serpentine  and  pyroxene.  The  microscopic  and  chemical  researches 
of  Dawson  and  myself  showed  that  the  calcareous  skeleton  of 
this  foraminiferal  organism  was  filled  with  the  one  or  the  other 
of  these  silicates  in  sucK  a  ioftmer  as  to  make  it  evident  that 
they  had  replaced  the  -safcede^ol*  the  animal,  precisely  as  glauco- 
nite  and  similar  silicates  have,,  from, the  Siluriam  times  to  the 
present,  filled  and  injected  more  recent  foraminiferal  skeletons.  I 
recalled,  in  connection  with  this  discovery,  the  observations  of 
Ehrenberg,  Mantell,  and  Bailey,  and  the  more  recent  ones  of 
Pourtales,  to  the  effect  that  glauconite  or  some  similar  substance 
occasionally  fiUs  the  spines  of  Echini,  the  cavities  of  corals  and 
millepores,  the  canals  in  the  shells  of  Balanus,  and  even  forms 
casts  of  the  holes  made  by  burrowing  sponges  (Clionia)  and  worms. 
The  significance  of  these  facts  was  farther  illustrated  by  showing 
that  the  so-called  glauconites  differ  considerably  in  composition, 
some  of  them  containing  more  or  less  alumina  or  magnesia,  and 
one  firom  the  tertiary  limestones  near  Paris  being,  according  to 
Berthier,  a  true  serpentine.t 

These  facts  in  the  history  of  Eozoon,  were  first  made  known  by 
me  in  May,  1864,  in  the  '' American  Journal  of  Science,"  and  subse- 
quently more  in  detail,  February,  1865,  in  a  communication  to  the 
Geological  Society  of  London,  t  They  were  speedily  verified  by 
Dr.  Giimbel,  who  was  then  engaged  in  the  study  of  the  ancient 

*  Amer.  Joor.  Science,  U.,  xxv.  486. 

t  Amer.  Jour.  Sci.,  11.,  xl.  860;  Report  Geol.  Survey  Canada,  1866,  p.  281; 
and  Quar.  Geol.  Jour.,  XXI.  71. 
X  Amer.  Jour^  Sci.,  II.,  xxxvii.  481 ;  Quar.  Geol.  Jour.,  XXI.  67. 
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crystalline  schists  of  Bavaria,  and  soon  recognized  the  existence, 
in  the  limestones  of  the  old  Hercynian  gneiss,  of  the  characteristic 
Eozoon  Canadenaey  injected  with  silicates  in  a  manner  precisely 
similar  to  that  observed  by  Dawson  and  myself.*  Later,  in  1869, 
Robert  Hoffinann  described  the  results  of  a  minute  chemical  exam- 
ination of  the  Eozoon  from  Raspenau,  in  Bohemia,  confirming  the 
previous  observations  in  Canada  and  Bavaria.  He  showed  that 
the  calcareous  shell  of  the  Eozoon,  examined  by  him,  had  been 
injected  by  a  peculiar  silicate,  which  may  be  described  as  related 
in  composition  both  to  glauconite  and  to  chlorite.  The  masses  of 
Eozoon  he  found  to  be  enclosed  and  wrapped  around  by  thin  alter- 
nating layers  of  a  green  magnesian  silicate,  allied  to  picrosmine, 
and  a  brown  non-magnesian  mineral,  which  proved  to  be  a  hydrous 
silicate  of  alumina,  ferrous  oxyd,  and  alkalies,  related  to  fahlunite, 
or  more  nearly  to  jollyte,  in  composition.t 

Still  more  recently,  in  the  course  of  the  present  year,  Dr.  Daw- 
son detected  a  mineral  insoluble  in  acids,  injecting  the  pores  of 
crinoidal  stems  and  plates  in  a  paleozoic  limestone  from  New 
Brunswick,  which  is  made  up  of  organic  remains.  This  silicate, 
which,  in  decalcified  specimens,  shows  in  a  beautiful  manner  the 
intimate  structure  of  these  ancient  crinoids,  I  have  found  by  analy- 
sis to  be  a  hydrous  silicate  of  alumina  and  ferrous  oxyd,  with 
magnesia  and  alkalies,  close  related  to  fahlunite  and  to  jollyte.^ 
The  microscopic  examinations  ot  Dr.  Dawson  show  that  this  sili- 
cate injected  the  pores  of  the  crinoidal  remains  and  some  of  the 
interstices  of  the  associated  shell-fragments,  before  the  introduc- 
tion of  the  calcite  which  cements  the  mass.  I  have  since  found  a 
silicate  almost  identical  with  this  occurring  under  similar  condi- 
tions in  an  Upper  Silurian  limestone  said  to  be  from  Llangedoc,  in  * 
Wales. 

Glimbel,  meanwhile,  in  the  essay  on  the  Laurentian  rocks  of 
Bavaria,  in  1866,  already  referred  to,  ftiUy  recognized  the  truth  of 
the  views  which  I  had  put  forward,  both  with  regard  to  mineralogy 
of  Eozoon  and  to  the  origin  of  the  crystalline  schists.  His  results 
are  still  farther  detailed  in  his  Geognost,  BeschreUmng  des  oatbayer^ 
ischss  Ghremegebirgea^  1868,  p.  833.    Credner,  moreover,  as  he  tells 


*  Proc.  Royal  Bavar.  Acad,  for  1866,  and  Can.   Naturalist,  new  series, 
in.  81T 
t  Jour,  fiir  Frakt.  Chem.,  May,  1869.  and  Amer.  Jour.  Sci.,  III.,  i.  878. 
X  Amer.  Jour.  Sci.,  III.,  i  ^71 
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US,*  had  already,  from  his  mineralogical  and  lithological  studies, 
been  led  to  admit  my  views  as  to  the  original  formation  of  serpen- 
tine, pyroxene,  and  similar  silicates  (which  he  cites  from  my  paper 
of  1865,  above  referred  tof),  when  he  fonnd  that  Giimbel  had 
arrived  at  similar  conclusions.  The  views  of  the  latter,  as  cited 
by  Credner  from  the  work  just  referred  to,  are  in  substance  as  fol- 
lows: The  crystalline  schists,  with  their  interstratified  layers, 
have  all  the  characters  of  altered  sedimentary  deposits,  and  from 
their  mode  of  occurrence  cannot  be  of  igneous  origin,  nor  the  result 
of  epigenic  action.  The  originally  formed  sediments  are  conceived 
to  have  been  amorphous,  and  under  moderate  heat  and  pressure 
to  have  arranged  themselves,  and  crystallized,  generating  various 
mineral  species  in  their  midst  by  a  change,  which,  to  distinguish  it 
from  metamorphism,  by  an  epigenic  process,  Gumbel  happily  des- 
ignates diagenesia. 

It  is  unnecessary  to  remark,  that  these  views,  the  conclusions 
from  the  recent  studies  of  Gumbel  in  Germany  arid  Credner  in 
North  America,  are  identical  with  those  put  forth  by  me  in  1860. 

At  the  early  periods  in  which  the  materials  of  the  ancient  crys- 
talline schists  were  accumulated,  it  cannot  be  doubted  that  the 
chemical  processes  which  generated  silicates  were  much  more 
active  than  in  more  recent  times.  The  heat  of  the  earth's  crust 
was  probably  then  far  greater  than  at  present,  while  a  high  tem- 
perature prevailed  at  comparatively  small  depths,  and  thermal 
waters  abounded.  A  denser  atmosphere,  charged  with  carbonic 
acid  gas,  must  also  have  contributed  to  maintain,  at  the  earth's 
Bur£su;e,  a  greater  degree  of  heat,  though  one  not  incompatible 
with  the  existence  of  organic  life.t  These  conditions  must  have 
favored  many  chemical  processes,  which,  in  later  times,  have 
nearly  ceased  to  operate.  Hence  we  find  that  subsequently  to 
the  eozoic  times,  silicated  rocks  of  clearly  marked  chemical  origin 
are  comparatively  rare.  In  the  mechanical  sediments  of  later 
periods  certain  crystalline  minerals  may  be  developed  by  a  process 
of  molecular  rearrangement  —  diagenesis.  These  are,  in  the  feld- 
spathic  and  aluminous  sediments,  orthoclase,  muscovite,  garnet, 
staurolite,  cyanite,  and  chiastolite,  and,  in  the  more  basic  sedi- 


*  Hermann  Credner ;  die  Gleiderung  der  Eozoischen  Formationsgnippe  Nord 
Amerikas.    Halle,  1869. 
t  That  in  the  Quar.  Geol.  Jour.,  XXI.  67. 
I  Amer.  Jonr.  Sci.,  U.,  zzxyi.  896. 
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ments,  homblendic  minerals.  It  is  possible  that  these  latter  and 
similar  silicates  may  sometimes  be  generated  by  reactions  between 
silica  on  the  one  hand,  and  carbonates  and  oxyds  on  the  other,  as 
already  pointed  out  in  some  cases  of  local  alteration.  Sach  a 
case  may  apply  to  more  or  less  homblendic  gneisses,  for  example, 
but  no  sediments,  not  of  direct  chemical  origin,  are  pure  enough 
to  have  given  rise  40  the  great  beds  of  serpentine,  pyroxene,  stea- 
tite, labradorite,  &c.,  which  abound  in  the  ancient  crystalline 
schists.  Thus,  while  the  materials  for  producing,  by  diagenesis, 
the  aluminous  silicates  just  mentioned,  are  to  be  met  with  in  the 
mud  and  clay-rocks  of  all  ages,  the  chemically  formed  silicates, 
capable  of  crystallizing  into  pyroxene,  talc,  serpentine,  ifec,  have 
only  been  formed  under  special  conditions. 

The  same  reasoning  which  led  me  to  maintain  the  theory  of  an 
original  formation  of  the  mineral  silicates  of  the  crystalline  schists, 
induced  me  to  question  the  received  notion  of  the  epigenic  origin 
of  gypsums  and  magnesian  limestones  or  dolomites.  The  inter- 
stratification  of  dolomites  and  pure  limestones,  and  the  enclosure 
of  pebbles  of  the  latter  in  a  paste  of  crystalline  dolomite,  are  of 
themselves  sufficient  to  show  that  in  these  cases,  at  least,  dolo- 
mites have  not  been  formed  by  the  alteration  of  pure  limestones. 
The  first  results  of  a  very  long  series  of  experiments  and  inquiries 
into  the  history  of  gypsum  were  published  by  me  in  1859,  and 
farther  researches,  reiterating  and  confirming  my  previous  conclu- 
sions, appeared  in  1866.*  In  these  two  papers,  it  wUl,  I  think,  be 
found  that  the  following  facts  in  the  history  of  dolomite  are  es- 
tablished, vijz. :  first,  its  origin  in  nature  by  direct  sedimentation, 
and  not  by  the  alteration  of  non-magnesian  limestones;  second, 
its  artificial  production  by  the  direct  union  of  carbonate  of  lime 
and  hydrous  carbonate  of  magnesia,  at  a  gentle  heat,  in  the  pres- 
ence of  water.  As  to  the  sources  of  the  hydrous  magnesian  car- 
bonate, I  hftve  endeavored  to  show  that  it  is  formed  from  the 
magnesian  chlorid,  or  sulphate  of  the  sea,  or  other  saline  waters,  in 
two  ways :  first,  by  the  action  of  the  bicarbonate  of  soda  found 
in  many  natural  waters ;  this,  after  converting  all  soluble  lime-salts 
into  insoluble  carbonate,  forms  a  comparatively  soluble  bicarbon- 
ate of  magnesia,  from  which  a  hydrous  carbonate  slowly  separates : 
second,  by  the  action  of  bicarbonate  of  lime  in  solution,  which, 
with  sulphate  of  magnesia,  gives  rise  to  gypsum ;  this  first  crystal- 

•  Amer.  Jour.  Sci.,  n.,  xxxviii.  170,  365;  xUi.  49. 
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lizes  out,  leaving  behind  a  much  more  soluble  bicarbonate  of  mag- 
nesia, which  deposits  the  hydrous  carbonate  in  its  turn.  In  this 
way,  for  the  first  time,  in  1859,  the  origin  of  gypsums  and  their 
intimate  relation  with  magnesian  limestones  were  explained. 

It  was,  moreover,  shown  that  to  the  perfect  operation  of  this  re- 
action, an  excess  of  carbonic  acid  in  the  solution,  during  the  evap- 
oration, was  necessary  to  prevent  the  decomposing  action  of  the 
hydrous  monocarbonate  of  magnesia  upon  the  already  formed 
gypsum.  Having  found  that  a  prolonged  exposure  to  the  air,  by 
permitting  the  loss  of  carbonic  acid,  partially  interfered  with  the 
process,  I  was  led  to  repeat  the  experiment  in  a  confined  atmos- 
phere, charged  with  carbonic  acid,  but  rendered  drying  by  the 
presence  of  a  layer  of  dessicated  chlorid  of  calcium.  As  had 
been  foreseen,  the  process  under  these  conditions  proceeded  unin- 
terruptedly, pure  gypsum  first  crystallizing  out  from  the  liquid, 
and  subsequently,  the  hydrous  magnesian  carbonate.*  This  ex- 
periment is  instructive  as  showing  the  results  which  must  have 
attended  this  process  in  past  ages,  when  the  quantity  of  carbonic 
acid  in  the  atmosphere  greatly  exceeded  its  present  amount. 

As  regards  the  hypotheses  put  forward  to  explain  the  supposed 
dolomitization  of  previously  formed  limestones  by  an  epigenic 
process,  I  may  remark  that  I  repeated  very  many  times,  under 
varying  conditions,  the  often  cited  experiment  of  Von  Morlot,  who 
claimed  to  have  generated  dolomite  by  the  action  of  sulphate  of 
magnesia  on  carbonate  of  lime,  in  the  presence  of  water  at  a  some- 
what elevated  temperature  under  pressure.  I  showed  that  what 
he  regarded  as  dolomite  was  not  such,  but  an  admixture  of  carbon- 
ate of  lime,  with  anhydrous,  and  sparingly  soluble  carbonate  of 
magnesia ;  the  conditions  in  which  the  carbonate  of  magnesia  is 
liberated  in  this  reaction,  not  being  favorable  to  its  union  with  the 
carbonate  of  lime  to  form  the  double  salt  which  constitutes  dolo- 
mite. The  experiment  of  Marignac,  who  thought  to  form  dolomite 
by  substituting  a  solution  of  chlorid  of  magnesium  for  the  sulphate, 
I  found  to  yield  similar  results,  the  greater  part  of  the  magnesian 
carbonate  produced  passing  at  once  into  the  insoluble  condition, 
without  combining  with  the  excess  of  carbonate  of  lime  present. 
The  process  for  the  production  of  the  double  carbonate  described 
by  Ch.  Deville,  namely,  the  action  of  vapors  of  anhydrous,  mag- 

*  Proceedings  Royal  Institution,  May  80, 1867,  and  Canadian  Naturalist,  new 
series,  HI.  281. 
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nesian  cblorid  on  heated  carbonate  of  lime,  in  accordance  with 
Von  Buch's  strange  theory  of  dolomitization,  I  have  not  thought 
necessary  to  submit  to  the  test  of  experiment,  since  the  conditions 
required  are  scarcely  conceivable  in  nature.  Multiplied  geognos- 
tical  observations  show  that  the  notion  of  the  epigenic  production 
of  dolomite  irom  limestone  is  untenable,  although  Hs  resolution 
and  deposition  in  veins,  cavities,  or  pores  in  other  rocks  is  a  phe- 
nomenon of  frequent  occurrence. 

The  dolomites  or  magnesian  limestones  may  be  conveniently 
considered  in  two  classes :  first,  those  which  are  found  with  gyp- 
sums at  various  geological  horizons ;  and  second,  the  more  abun- 
dant and  widely  distributed  rocks  of  the  same  kind,  which  are  not 
associated  with  deposits  of  gypsum.  The  production  of  the  first 
class  is  dependent  upon  the  decomposition  of  sulphate  of  mag- 
nesia by  solujtions  of  bicarbonate  of  lime,  while  those  of  the  second 
class  owe  their  origin  to  the  decomposition  of  magnesian  chlorid 
or  sulphate  by  solutions  of  alkaline  bicarbonates.  In  both  cases, 
however,  the  bicarbonate  of  magnesia,  which  the  carbonated 
waters  generally  contain,  contributes  a  more  or  less  important 
part  to  the  generation  of  the  magnesian  sediments.  The  carbon- 
ated alkaline  waters  of  deep-seated  springs  often  contain,  as  is 
well  known,  besides  the  bicarbonates  of  soda,  lime,  and  magnesia, 
compounds  of  iron,  manganese,  and  many  of  the  rarer  metals 
in  solution,  and  thus  the  metalliferous  character  of  many  of  the 
dolomites  of  the  second  class'  is  explained.  The  simultaneous 
occurrence  of  alkaline  silicates  in  such  mineral  waters  would 
give  rise,  as  already  pointed  out,  to  the  production  of  insoluble 
silicates  of  magnesia,  and  thus  the  frequent  association  of  such 
silicates  with  dolomites  and  magnesian  carbonates  in  the  crystal- 
line schists  is  explained,  as  marking  portions  of  one  continuous 
process.  The  formation  of  these  mineral  waters  depends  upon 
the  decomposition  of  feldspathic  rocks  by  subterranean  or  sub- 
aerial  processes,  which  were  doubtless  more  active  in  former  ages 
than  in  our  own.  The  subsequent  action  upon  magnesian  waters 
of  these  bicarbonated  solutions,  whether  alkaline  or  not,  is  depend- 
ent upon  climatic  conditions,  since,  in  a  region  where  the  rainfall 
is  abundant,  such  waters  would  find  their  way  down  the  river- 
courses  to  the  open  sea,  where  the  excess  of  dissolved  sulphate  of 
lime  would  prevent  the  deposition  of  magnesian  carbonate.  It  is 
in  dry  and  desert  regions,  with  limited  lake-basins,  that  we  must 
seek  for  the  production  of  magnesian  carbonates,  and  I  have  argued 
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from  these  conuderations  that  much  of  northeastern  America,  in- 
eluding  the  present  basins  of  the  upper  Mississippi  and  St.  Law* 
rence,  must,  daring  long  intervals  in  the  paleozoic  period,  have 
had  a  climate  of  excessive  dryness,  and  a  surface  marked  by 
shallow  enclosed  basins,  as  is  shown  by  the  widely  spread  mag- 
neaian  limestones,  and  the  existence  of  gypsum  and  rock-salt  at 
more  than  one  geological  horizon  within  that  area.*  The  occur- 
rence of  serpentine  and  diallage  at  Syracuse,  New  York,  offers  a 
curious  example  of  the  local  development  of  crystalline  magne- 
sian  silicates  in  Upper  Silurian  dolbmitic  strata  under  conditions 
which  are.  imperfectly  known,  and,  in  the  present  state  of  the 
locality,  cannot  be  studied.f 

Since  the  uncombined  and  hydrated  magnesian  mono-carbonate 
is  at  once  decomposed  by  sulphate  or  chlorid  of  calcium,  it  follows 
that  the  whole  of  these  lime-salts  in  a  sea-basin  must  be  converted 
into  carbonates  before  the  production  of  carbonated  magnesian 
sediments  can  begin.  The  carbonate  of  lime,  formed  by  the 
action  of  carbonates  of  magnesia  and  soda,  remains  at  jQrst  dis- 
solved as  bicarbonate,  and  is  only  separated  in  a  solid  form, 
when  in  excess,  or  when  required  for  the  needs  of  living  plants 
or  animals ;  which  are  dependent  for  their  supply  of  calcareous 
matter  on  the  bicarbonate  of  lime  produced,  in  part  by  the  process 
just  described,  and  in  part  by  the  action  of  carbonic  acid  on  in- 
soluble lime-compounds  of  the  earth's  solid  crust.  So  many  lime- 
stones are  made  up  of  calcareous  organic  remains,  that  a  notion 
exists  among  many  writers  on  geology  that  all  limestones  are, 
in  some  way,  of  organic  origin.  At  the  bottom  of  this  lies  the 
idea  of  an  analogy  between  the  chemical  relations  of  vegetable 
and  animal  life.  As  plants  give  rise  to  beds  of  coal,  so  animals 
are  supposed  to  produce  limestones.  In  fact,  however,  the  syn- 
thetic process,  by  which  the  growing  plant,  from  the  elements  of 
water,  carbonic  acid,  and  ammonia,  generates  hydrocarbonaceous 
and  azotized  matters,  has  no  analogy  with  the  assimilative  pro- 
cess by  which  the  growing  animal  appropriates  alike  these  organic 
matters  and  the  carbonate  and  phosphate  of  lime.  Without  the 
plant,  the  synthesis  of  the  hydrocarbons  would  not  take  place, 
while,  independently  of  the  existence  of  coral  or  mollusk,  the  car- 

*  Geology  of  Southwestern  Ontario,  Amer.  Jour.  Sci.,  II.,  xM.  856. 
t  Geology  of  the  8d  district  of  New  York,  108-110,  and  Hunt  on  Ophiolltes, 
Amer.  Jour.  Sci.,  II.,  xxvi.  286. 
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bonate  of  lime  would  still  be  generated  by  cbemical  reactions,  and 
would  accumulate  in  the  waters  until,  these  being  saturated,  its 
excess  would  be  deposited  as  gypsum  or  rock-salt  are  deposited. 
Hence,  in  such  waters,  where,  from  any  causes,  life  is  excluded, 
accumulations  of  pure  carbonate  of  lime  may  be  formed.  In  1861, 
I  called  attention  to  the  white  marbles  of  Vermont,  which  occur 
intercalated  among  impure  and  fossiliferous  beds,  as,  apparently, 
examples  of  such  a  process.* 

It  is  by  a  fallacy  similar  to  that  which  prevails  as  to  the  or- 
ganic origin  of  limestones,  that  Daubeny  and  Murchison  were  led 
to  appeal  to  the  absence  of  phosphates  from  certain  old  strata  as 
evidence  of  the  absence  of  organic  life  at  the  time  of  their  accu- 
mulation.! Phosphates,  like  silica  and  iron-oxyd,  were  doubtless 
constituents  of  the  primitive  earth's  crust,  and  the  production  of 
apatite  crystals  in  granitic  veins,  or  in  crystalline  schists,  is  a  pro- 
cess as  independent  of  life  as  the  fonnation  of  crystals  of  quartz 
or  of  hematite.  Growing  plants,  it  is  true,  take  up  from  the  soil 
or  the  waters  dissolved  phosphates,  which  pass  into  the  skeletons 
of  animals,  a  process  which  has  been  active  from  very  remote 
periods.  I  showed,  in  1854,  that  the  shells  of  Lingula  and  Orbi- 
cula,  both  those  from  the  base  of  the  paleozoic  rocks,  and  those  of 
the  present  time,  have  (like  Conularia  and  Serpulites)  a  chemical 
composition  similar  to  the  skeletons  of  vertebrate  animals.^  The 
relations  of  both  carbonate  and  phosphate  of  lime  to  organized 
beings  are  similar  to  those  of  silica,  which,  like  them,  is  held  in 
watery  solution,  and  by  processes  independent  of  life  is  deposited 
both  in  amorphous  and  crystalline  forms,  but  in  certain  cases  is 
appropriated  by  diatoms  and  sponges,  and  made  to  assume  organ- 
ized shapes.  In  a  word,  the  assimilation  of  silica,  like  that  of 
phosphate  and  carbonate  of  lime,  is  a  purely  secondary  and  acci- 
dental process,  and,  where  life  is  absent,  all  of  these  substances 
are  deposited  in  mineral  and  inorganic  forms. 

I  have  thus  endeavored  to  sketch,  in  a  concise  and  rapid  man- 
ner, the  history  of  the  earlier  rock-formations  of  eastern  North 
America,  and  of  our  progress  in  the  knowledge  of  them ;  while 
I  have,  at  the  same  time,  dwelt  upon  some  of  the  geognostical 

*  Amer.  Jour.  Sci.,  II.,  xxxi.  402. 
t  Silnria,  4th  ed.,  pp.  28  and  587. 
I  Amer.  Jour.  Sd.,  II.,  zvii.  286. 
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•nd  chemical  questions  which  their  study  suggests.  With  the 
record  of  the  last  thirty  years  before  them,  American  geologists 
have  cause  for  congratulation  that  their  investigations  have  been 
80  fruitful  in  great  results.  They  see,  however,  at  the  same  time, 
bow  much  yet  remains  to  be  done  in  the  study  of  the  Appalachians 
and  of  our  northeastern  coast,  before  the  history  of  these  ancient 
rock-formations  can  be  satisfactorily  written.  Meanwhile  our 
adventurous  students  are  directing  their  labors  to  the  vast  regions 
of  western  America,  where  the  results  which  have  already  been 
obtained  are  of  profound  interest.  The  progress  of  these  in- 
vestigations will  doubtless  lead  us  to  modify  many  of  the  views 
now  accepted  in  science,  and  cannot  fail  greatly  to  enlarge  the 
bound  of  geological  knowledge. 
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A.    MATHEMATICS,  PHYSICS,  AND  CHEMISTRY. 
L    MATHEMATICS  AND  ASTBONOMT. 

1.  An  Application'  of  an  Exponential  Function.     By  J.  E. 
HiLOABD,  of  Washington,  D.C. 

1h  the  mint  establishments  of  the  United  States,  it  is  a  rule  to 
deposit  a  piece,  taken  at  random  from  each  day's  work,  in  a  pyx, 
which  is  annually  sent  to  the  mint  in  Philadelphia,  where  it  is 
opened  by  a;*' Commission  appointed  each  year,  for  the  purpose  of 
carefully  assaying  and  weighing  those  samples  of  the  national 
coinage.  By  such  verification  and  scrutiny  the  public  are  assured 
that  the  coinage  is  in  conformity  with  the  law,  and  that  opera- 
tions at  the  several  mints  are  carried  on  in  a  faithful  and  efficient 
manner. 

The  alloys  of  the  metals  being  made  iii  large  quantities,  it  is  to 
be  expected  that  the  proportions  should  be  found  very  exact,  if 
the  work  has  been  done  Mthfully. 

The  aggregate  weight  of  the  number  of  pieces  coined  from  a 
given  quantity  of  metal  may^  in  like  manner,  be  required  to  come 
very  near  the  prescribed  standard.  In  the  weight  of  single  pieces, 
however,  some  variation  must  be  allowed,  in  consideration  of  the 
unavoidable  imperfection  of  the  mechanical  processes  of  rolling 
and  cutting  out  the  coins.  This  allowauce  is  called  the  Tolercmce 
and  is  different  for  pieces  of  different  sizes  and  values.    For  the 
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purpose  we  have  in  view  here,  it  is  sufficient  to  state  the  legal 
tolerance  for  the  double  eagle^  or  twenty-dollar  gold  piece,  the 
standard  weight  of  which  is  516  grains.  The  law  prescribes  that 
no  single  piece  shall  be  passed  that  differs  more  than  one-half 
grain  from  the  standard  weight,  and  that,  in  an  aggregate  of  1,000 
pieces,  the  variation  from  the  legal  weight  shall  not  exceed  three 
pennyweights,  or  seventy-two  grains.  These  limits  have  been 
prescribed  without  being  made  mutually  dependent  one  upon  the 
other,  according  to  any  preconceived  law,  but  as  safe  practical 
rules,  that  have  been  found  to  work  well. 

In  making  the  annual  assay,  however,  the  Commission  is  met  by 
the  fact  that  it  has  not  1,000  pieces  of  any  coinage  to  deal  with ; 
but  at  most  365,  if  the  work  has  gone  on  incessantly.  What, 
then,  should  be  the  tolerance  on  the  actual  number  of  pieces  sub- 
mitted ? 

In  an  actual  case  there  were  328  double  eagles.  By  the  ratio 
for  1,000  pieces,  the  tolerance  would  be  twenty-four  grains.  That 
for  the  single  pieces,  giving  164  grains,  is  evidently  inapplicable, 
since  the  law  requires  a  closer  agreement  for  larger  amounts.  But, 
by  the  same  consideration,  the  application  of  the  ratio  for  1,000 
pieces  must  be  held  to  be  too  stringent,  especially  as  it  may  in- 
volve the  question  of  censure. 

The  law  of  probabilities,  according  to  which  accidental  errors 
accumulate  in  the  ratio  of  the  square  root  of  the  number  of  cases 
involved,  would  give,  upon  the  basis  of  one-half  grain  for  a  single 
piece,  a  tolerance  of  sixteen  grains  for  1,000  pieces.  The  statute 
allowing  seventy-two  grains,  it  is  dear  that  the  law  of  probabili- 
ties has  not  been  held  to  apply ;  but  an  ampler  margin  has  been 
allowed,  which  is  doubtless  proper  and  necessary,  since  that  law 
disregards  constant  sources  of  error,  which  are  likely  to  obtain  in 
the  operations  here  in  question. 

We  must  inquire  therefore.  What  is  the  law  which  will  repre- 
sent the  two  values  established  by  statute  without  introducing  any 
additional  assumption? 

Of  various  functions  that  might  be  assumed,  we  choose  the 
simplest,  that,  beside  fulfilling  the  stated  conditions,  also  makes 
the  values  of  both  variables  simultaneously  zero  and  infinity,  con- 
ditions necessarily  implied.    This  is  a  parabolic  curve,  of  the  form 

in  which  the  exponent  x  is  for  the  present  our  unknown  quantity, 
— whence  the  title  of  this  paper  is  derived. 
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Taking,  now,  half  grains  as  our  unit,  we  have  the  tolerance  1  for 
1  piece,  and  144  for  1,000  pieces.  We  ask,  then.  What  is  the 
power  to  which  1,000  must  be  raised  to  give  144 ;   or, 

1000-  =  144? 
Taking  the  logarithms,  we  have  Sx  =2.15836,  and  hence  x=  0.72, 
or  we  must  raise  the  number  of  pieces^  to  the  power  expressed  by 
0.72,  in  order  to  find  the  tolerance  in  half  grains. 

For  the  case  of  328  pieces,  we  have  therefore  a  tolerance  of 
64.8  half  grains,  or  32  grains. 

It  will  be  readily  seen  that,  although  not  a  single  coin  exceeded 
its  tolerance,  the  average  variation  need  only  exceed  one-tenth  of 
a  grain  on  one  side  or  the  other,  to  put  the  aggregate  beyond  the 
limit  allowed  by  statute. 

In  the  French  mint,  the  recognized  practice  is  to  take  advantage 
of  the  tolerance,  and  make  the  coin,  on  the  average,  somewhat 
Hght,  within  the  legal  limit;  the  amount  thus  gained  to  the 
Treasury  being  regularly  accounted  for.  But  in  the  United  States 
the  aim  is  to  make  the  coinage  conform  to  the  standard  weight 
and  fineness,  as  nearly  as  practicable ;  and  the  general  accuracy  is 
far  within  the  limits  of  tolerance,  which,  in  fact,  are  proposed  to 
be  drawn  closer  in  a  draft  of  a  law  prepared  by  the  Treasury  De- 
partment. 


2.  To  FIND  A  General  Formula  for  the  Length  of  Curves 
OF  Pursuit,    By  Joseph  Ficklin,  of  Columbia,  Missouri. 


Let  the  body  pursued  move  uniformly  firom  -B  toward  0  along 
the  straight  line  ^(7,  and  let  the  pursuing  body  move  uniformly 
along  the  curve  ADEJ. 
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DE)  =  dy,  DEzzuda.  Since  the  triangles  DBF  and  GHI  are 
similar,  we  have  dB\  —  diD\\dx\  GH;  .whence  QH'=. -^ 

But  dx=nch;  .•.  0^= — ndto,  and  dt/=  —  ( — ndv)'\-ds)=^ 
ndw  —  ds.  Integrating,  we  have  y=inw  —  8-^c, . .  (1).  When 
y=ay8  =  0j  B.ndv}=^BC=acosd}  .' .  a  :=  nacosO -^  c ;  whence 
c  =  a  —  nacosOy  and  (1)  hecomes  y  =znw  —  s  -^  a  —  nacos^ 
...(2). 

To  find  the  length  of  the  cnrve  ADEJ^  we  observe  that,  when 
y  =  o,  tfzzz*' and  w=fMy  .•.o=nV — «'-f-a — naco%d\  whence 

'  —      1  — „i       •  •  •  W- 
If  ^  =  90S  (3)  gives 

*' =  1:1:^2  • '  •  W' 

If  n  =  1,  then  «'=  oo . 


If  <?  =  o,  then  ,'="11=^  =  ^ 


»• 


8.  On  the  Rates  of  Interest  bealized  to  Investors  m  the 
Securities  of  the  United  States.  By  E..  B.  Elliott, 
of  Washington,  D.C. 

(Abstract.); 

After  stating  the  principles  upon  which  the  calculations  were 
based,  he  proceeded  to  give  the  results  of  his  investigations^ 

In  the  early  part  of  the  present  century  the  credit  of  the  United 
States  Government  was  comparatively  low,  its  eight  per  cent  and 
six  per  cent  securities  being  placed  upon  the  market  on  terms  sucb 
as  to  ^m  the  rates  realized  to  investors  in  general  at  from  seven 
and  two'tenths  (7.2),  to  eight  and  seven-tenths  (8.7),  per  cent ; 
one  of  the  loans,  however,  being  placed  upon  the  market,  in  the 
year  1812,  at  as  low  a  realized  rate  as  six  per  cent,  while  the  rate 
realized  on  another  loan  was,  in  the  year  1816,  as  high  as  nine  and 
one-tenth  (9.1)  per  cent. 

The  difficulties  attendant  upon  the  war  of  1812  had  an  impor- 
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tant  influence  in  disturbing  the  credit  of  the  Government,  and  pro- 
ducing these  comparatively  high  rates  of  interest. 

In  1821,  the  credit  of  the  Government  had  so  far  improved,  that 
it  was  able  to  place  a  five* per  cent  bond  on  the  market,  on  terms 
such  as  to  indicate  the  realized  rate  of  interest  to  be  but  about 
four  and  one-quarter  (4-22)  per  cent. 

In  the  years  1854  and  1855,  the  five  per  cent  securities  of  the 
Government  sold  in  the  open  market  in  JN'ew  York  at  such  pre- 
mium as  to  show  the  rate  of  interest  realized  nearly  identical  with 
the  above ;  to  wit,  4-22  and  4-24  per  cent. 

The  market  price  of  the  six  per  cent  securities  of  the  Govern- 
ment in  the  same  yeara  indicated  a  still  lower  rate  of  realized 
interest;  to  wit,  3.29  and  3-27  per  cent,  respectively.  In  1859, 
the  five  per  cent  securities  of  the  Government  sold  in  open  market 
at  prices  indicating  a  realized  rate  of  interest  of  four  and  one-half 
(4.59)  per  cent,  and  its  six  per  cent  securities  at  prices  realizing 
only  about  three  and  one-half  (3.41)  per  cent  interest  to  the  in- 
vestors. In  1860,  the  prices  of  the  six  per  cent  securities  indicated 
a  rate  of  interest  realized  of  about  5.02  per  cent.  These  rates  of 
interest  indicate  that  the  borrowing  power  of  the  Government 
during  periods  of  tranquillity  —  that  is,  that  its  normal  borrowing 
power  —  varies  fi'om  three  and  one-fourth  (3.27)  per  cent,  to  four 
and  one-half  (4.57)  or  five  (5.02)  per  cent. 

Passing  from  this  period  of  comparative  political  quiet  to  the 
conunencing  year  of  our  late  civil  war,  we  find  the  market  prices 
of  the  five  per  cent  securities  to  have  been  during  the  first  few 
months  of  the  year  1861  —  the  commencing  year  of  the  war — such 
as  to  imply  a  rate  of  interest  realized  to  investors  somewhat  in  ex- 
cess of  eight  (8,14)  per  cent.  Later  in  the  same  year,  six  per  cent 
securities  of  the  Government,  known  as  the  twenty  year  bonds  of 
1861-81,  were  sold  in  the  open  market  at  prices  which  indicated 
the  realized  rates  of  interest  to  vary  from  seven  and  one-half  (7.59) 
to  six  and  one-half  (6.54)  per  cent.  Passing  by  the  succeeding 
years  of  active  hostilities,  concerning  which  the  investigation  is 
not  as  yet  completed,  we  find  in  January,  February,  and  March 
of  the  year  1869,  the  prices  of  the  five  per  cent  securities,  known 
as  the  10-40s  of  1864,  such  as  to  show  the  rates  of  interest  realized 
to  have  been  about  six  and  one-half  per  cent;  varying,  from  an 
average  of  6.69  per  cent  for  the  month  of  January,  6.53  per  cent 
for  the  month  of  February,  and  6.44  for  the  month  of  March  of 
Aat  year. 
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Passing  to  the  year  1871,  we  find  the  credit  of  the  Government 
to  have  improved,  the  carefully  prepared  average  of  the  daily 
quotations  of  the  several  securities  of  the  Government  showing 
the  average  rates  of  interest  realized  to  have  varied  from  4.93  to 
6.05  per  cent,  according  to  the  character  of  the  security ;  the  rates 
realized  on  the  Pacific  Railroad  honds  —  securities  of  which,  both 
interest  and  principal,  are  payable  in  currency — averaging  some- 
what less  than  five  per  cent  (4.93  to  4.98  per  cent) ;  on  the  five 
per  cent  10-40s  of  1864,  slightly  in  excess  of  five  per  cent  (5.11)  ; 
on  the  coupon  5-208  of  1862,  5.96,  and  on  the  5-20s  of  1864-67-68, 
from  6  to  6.05  per  cent. 


4.  An  Inquiry  conckrnikg  the  Physical  Relation  between 
THE  Masses  and  Mean  Distances  of  the  Different 
Planets.    By  John  N.  Stock^vell,  of  Cleveland,  Ohio. 

Before  writing  my  memoir  on  the  secular  inequalities  of  the 
planetary  orbits,  I  was  led  to  make  some  critical  comparisons 
between  the  results  of  the  different  solutions,  not  only  for  the 
purpose  of  testing  the  general  accuracy  of  the  work,  which  had 
already  been  done  by  means  of  independent  duplicate  compute^ 
tions  from  analytical  formulas,  but  also  for  the  purpose  of  ascer- 
taining to  what  extent  the  values  of  the  constants  which  I  had 
obtained  would  be  modified  by  employing  different  values  of  the 
planetary  masses.  This  comparison  led  to  the  detection  of  a  very 
curious  and  unexpected  anomaly  in  the  results  obtained,  and  the 
explanation  of  the  anomaly  in  question  seems  to  point  to  a  very 
interesting  and  useful  application  of  the  theory  of  maxima  and 
minima  to  the  detennination  of  the  different  planetary  masses. 
But,  before  proceeding  to  the  special  subject  of  this  paper,  it  may 
be  well  to  indicate  very  briefly  the  method  which  I  have  followed 
in  my  investigations. 

A  perfect  determination  of  the  secular  inequalities  of  the  plan- 
etary orbits  requires  that  the  elements,  or  data,  employed  in  the 
development  of  the  problem,  should  also  be  perfect.  Some  of 
these  elements  are  invariable:  the  others  are  continually  changbg; 
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but  it  IB  sufficient  for  our  purpose  to  know  their  values  at  any 
given  ^epoch.  The  invariable  elements  of  the  problem  are  the 
masses  and  mean  distances  of  the  planets :  the  variable  elements 
refer  to  the  forms  of  their  orbits,  and  to  their  positions  in  space. 
In  the  present  state  of  astronomy,  the  elements  of  our  problem 
are  very  approximately  known,  with  the  single  exception  of  one 
of  the  invariable  elements,  —  namely,  that  of  the  planetary  masses, 
— which  are  not  very  perfectly  known.  The  mass  of  the  planet 
Jupiter  is  the  only  one  that  has  been  well  determined,  while  the 
masses  of  all  the  otlier  planets  are  uncertain  to  a  considerable 
extent. 

Such  being  the  condition  of  our  data,  it  is  obvious  that  the  best 
way  to  treat  the  problem  is  to  assume  certain  values  for  the  masses 
of  the  different  planets,  and  substitute  them  in  the  analytical 
formulsB  which  determine  the  relations  subsisting  between  the 
quantities  sought  and  those  already  known.  In  this  way  we  ob* 
tain  a  system  of  constant  quantities  of  the  same  degree  of  accuracy 
as  the  masses  used  in  the  solution  of  the  equations.  If  we,  then, 
suppose  the  mass  m  of  one  of  the  planets  to  be  greater  or  less  than 
its  assumed  value,  by  any  quantity,  Jm^  the  masses  of  all  the 
other  planets  remaining  unchanged,  and  repeat  the  solution  of  our 
equations,  we  shall  have  a  second  system  of  constant  quantities 
which  would  differ  from  the  first,  by  quantities  depending  on  the 
assumed  increment  Jm  to  the  mass  m.  Let  us,  then,  suppose  that 
the  mass  m  receives  increments  of  2Jm,  3 Jm,  &C.,  successively, 
and  that  we  determine  the  resulting  constants  on  each  of  these 
suppositions.  It  is  evident  that  the  successive  sets  of  constants 
will  differ  from  those  depending  on  the  assumed  values  of  the 
masses  by  quantities  due  to  the  successive  increments  Jm^  2^m, 
3  Jm,  &c. .  If  we,  then,  tabulate  the  values  of  the  constants  which 
we  have  obtained,  which  we  will  designate  by  c,  </,  c",  c"',  &c.,  we 
may  write  the  results  in  this  form : — 

DifE  Diffi 

m  Jm  c  d  —  c 

vn  +  dm  Jm  d  d'  —  d 

m  +  2Jm       Am  d'  d"—d' 

m  +  Zdm       Jm  d"  d'  —  d'* 

&c.  &c. 

Now,  if  the  differences  of  the  functions  d.  —  c,  c" —  c',  &C.,  are  all 
equal  to  each  other,  they  show  that  the  variation  of  the  function  c 
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is  strictly  proportional  to  the  variation  of  the  mass  m,  at  least, 
within  the  limits  of  the  variation  of  the  mass  m  which  is  covered 
by  our  computation.  But  if  there  are  second  differences  to  the 
ftmction,  having,  a  magnitude  comparable  with  the  first  differences, 
they  indicate  the  approach  of  the  function  towards  a  condition  of 
maxima  or  minima ;  and  the  explanation  of  these  conditions  has 
led  to  the  inquiry  indicated  by  the  title  of  this  paper.  I  will  now 
proceed  more  particularly  to  this  special  inquiry. 

In  making  choice  of  the  masses  which  I  have  adopted  as  the 
basis  of  my  computation,  I  had  no  discriminating  conditions  to 
satisfy  in  advance ;  and  I  therefore  assumed  those  which  are  given 
in  the  ^  Nautical  Almanac,"  except  for  the  mass  of  the  earth,  as 
being  as  reliable  as  any  that  it  was  possible  to  obtain.  In  deduc- 
ing a  new  value  for  the  earth's  mass,  I  was  misled  by  the  results 
of  the  Astronomical  Expedition  to  South  America,  which  seemed 
to  indicate  a  diminution  of  the  sun's  parallax;  whereas,  later  de- 
terminations show  that  it  should  have  been  increased.  The  value 
of  the  earth's  mass,  which  I  employed,  was  therefore  suspected  to 
be  considerably  too  small;  and  to  remedy  this  defect  I  was  in- 
duced to  repeat  the  computation  by  using  a  double  increment  to 
the  assumed  mass  of  the  earth. 

The  mass  of  the  earth  which  I  employed,  and  designated  as 
"  assumed  maaa^  was,  w»"^,  =  ^^^y^  of  the  sun's  mass.  I  then 
repeated  the  computation  by  increasing  the  mass  of  the  earth 
successively  by  ^  and  ^.  The  element  deduced  from  these  dif- 
ferent assumptions,  which  I  compared,  was  the  superior  limit  of 
the  eccentricity  of  the  earth's  orbit.  For  these  several  hypotheses 
I  get  the  following  values :  — 

Superior 
Mass.  Diff.  limit  of  e".     IstDiffl        2dDiffi 

^"«  J^m"  0.067735    i   a  001654 

In  making  this  comparison,  I  was  much  surprised  to  find  that 
the  limit  of  the  eccentricity  increased  by  0.001654,  when  the  mass 
was  increased  by  5*^,  and  was  increased  only  0.001914  when  the 
mass  was  increased  twice  as  much.  I  first  suspected  that  there 
must  be  some  mistake  in  the  computations,  and  therefore  very 
carefully  examined  them,  and  satisfied  myself  that  the  comput»- 
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tions  were  all  correct.  I  then  concluded  to  increase  the  earth's 
mass  by  ^  and  repeat  the  whole  computation  so  as  to  be  per- 
fectly sure  that  no  systematic  error  had  crept  in.  The  comparison 
then  stood  as  follows :  — 

Diff.         e"  IstDiff.        2d  Diff.        3d  Diff. 

t^  (1  -f  A)      ^^« =0.069389+  J™:-  0.001394 

^  (1  +  A)      3^^0=0.069649+  I'Z^^-  0.001820-  ^-^^^^^6 

'"o  (1  +  A)      A^o= 0.068089-  ^-^^^^^^ 

This  fourth  computation  not  only  confirmed  the  accuracy  of  the 
other  computations,  but  demonstrated  the  fact  that  a  certain  value 
of  the  earth's  mass,  which  is  included  within  the  limits  of  ^^^^^ih. 
and  ^rATFTy*^  ^^  ^^®  sun's  mass,  would  permit  the  earth's  orbit  to 
become  more  eccentric  from  the  perturbations  of  the  other  planets 
of  the  system  than  any  other  value  of  the  earth's  mass.  I  find  by 
calculation  that  the  value  of  the  earth's  mass  which  renders  e"  a 
maximum  is  m"=77^j^77ij.  This  corresponds  to  a  solar  parallax 
of  8".730;  a  value  approximating  towards  some  of  the  more 
recent  determinations  of  that  element. 

The  preceding  investigation  suggested  the  following  question : 
Is  it  not  possible  that  the  constitution  of  the  solar  system  is  such 
that  the  mass  of  each  planet  is  so  adjusted  to  its  mean  distance  as 
to  permit  greater  oscillations  in  the  eccentricity  of  its  orbit  than 
any  other  mass  moving  at  the  same  distance  f 

In  order  to  test  this  question,  I  examined  into  the  effect  which 
small  changes  in  the  mass  of  Jupiter  would  have  on  the  extreme 
variations  in  the  form  of  his  orbit.  I  selected  this  planet  because 
his  mass  had  been  well  determined  from  the  motions  of  his  satel- 
lites. I  conceived  that,  if  only  very  slight  changes  in  his  estimated 
mass  were  required,  in  order  to  render  his  elements  conformable 
to  the  preceding  hypothesis,  then  we  might  regard  the  hypothesis 
as  legitimate,  and  be  justified  in  applying  it  to  the  other  planets. 
But  calculation  showed  that  no  admissible  variation  in  his  mass 
.would  sufilce  to  render  his  elements  accordant  with  the  hypothesis. 
I  therefore  abandoned  the  hypothesis,  and  sought  for  another, 
which,  if  not  perfectly  legitimate,  had  at  least  the  merit  of  greater 
physical  significance. 

My  second  hypothesis  is  enunciated  in  the  following  proposition, 
▼iz. ;  —  Tlie  mass  of  *each  planet  is  so  adjusted  to  its  m^ean  distance 
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as  to  permit  greater  variations  in  its  living  force  than  any  other 
mass  moving  at  the  same  distance. 

Since  the  living  force  of  a  bo^  is  equal  to  the  product  of  its 
mass  by  the  square  of  its  velocity,  if  we  denote  the  masses  of  the 
planets  by  m,  m',  m",  &c.,  and  their  velocities  by  v,  t>',  w",  &c^  the 
living  forces  of  the  different  planets  will  be  expressed  by  mv\  m'v% 
m"v"^y  &c.  If  the  transverse  axis  of  an  ellipse  be  denoted  by 
2a  and  its  eccentricity  by  c,  the  circumference  will  be  equal  to 
2na  \\  —  \f^\ ;  and,  if  we  divide  this  by  the  periodic  time  of  a 
planet  having  the  mean  distance  a  from  the  sun,  we  shall  obtain 
the  mean  velocity  of  the  planet.  Now  the  periodic  time  of  a 
planet  is  equal  to  2^  at,  and  is  independent  of  the  eccentricity  of 
its  orbit.    The  mean  velocity  of  the  planet  is  therefore  equal  to 

«=;7in-i^J.  (1) 

Whence  the  living  force  of  the  planet  is  given  by  the  equation 

tn^=*^\l-i^\.     (2). 

From  this  equation  it  follows  that  the  living  force  of  a  planet  is  a 
maximum  when  the  eccentricity  is  a  minimimi,  and  a  minimum 
when  the  eccentricity  is  a  maximum.  If  we  denote  the  minimum 
and  maximum  values  of  the  eccentricity  by  e^  and  ej,  respectively, 
the  greatest  variation  of  the  living  force  depending  on  the  eccen- 
tricity wUl  be  given  by  the  equation 

^(«,r«)=^*J6»,-e«.^    (3) 

And  if  the  mass  m  is  determined  so  that  this  function  shall  be  the 
greatest  possible,  we  shall  have 

^<^>=0,    (4, 

In  the  application  of  this  formula  to  the  earth,  we  observe  that  the 
lower  limit  of  the  eccentricity  of  its  orbit  is  equal  to  nothing ;  con- 

sequently  -77^"^  is  to  be  a  maximum.    We  shall  therefore  have 

the  following  tabular  values  of  this  function  with  their  differences : 
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Mass,  lov^—e"^^     Ist  Diff.       2d  Diff.       3d  Diff. 

124.4421     ,    -_^., 
m\  (1  +  ^)  137.1226  +  ^^'^^"^   —  5.0723 

*^"o(l  + A)  144.7308  +    ;-^^2   _  7  7295   "  ^'^^^ 

m%{l^^)  144.6095  ~   ""^^^"^ 

We  find  that  this  gives  a  maximum  when  the  mass  is  equal  to 
t»i"o  (1  +  *'*l§*^^)>  aii^  consequently  ♦»"  =  777V?t>  which  corre- 
sponds to  a  solar  parallax  of  8".8111. 

If  the  same  process  he  applied  to  the  elements  of  JupUer^s  orhit, 
we  find  no  indications  of  a  maximum  for  any  admissible  variation 
of  his  mass;  and,  consequently,  the  second  hypothesis  was  a 
failure. 

My  third  hypothesis  may  be  enunciated  as  follows:  The 
Tnasses  ofplaneta  are  so  adjusted  to  their  mean  distances  as  to  per- 
mit greater  variations  in  the  living  forces  of  the  bodies  of  the 
system;^  than  would  bepossible  from  any  other  system  of  masses 
^moving  at  the  same  distances. 

This  proposition  may  be  readily  demonstrated  if  we  are  per- 
mitted to  assume,  a  priori^  that  the  planetary  system  is  so  consti- 
tuted as  to  insure  to  itself  a  greater  degree  of  stability  against  the 
action  of  foreign  forces  than  would  be  possible  from  any  otljer 
arrangement  of  the  system. 

I  shall  now  proceed  to  show  that  the  masses  of  the  .Earth  and 
Venus  favor  the  preceding  hypothesis ;  but  it  is  important  to  ob- 
serve that  we  cannot  apply  the  mass  of  Jupiter  as  a  test  of  its 
correctness,  since  it  is  the  stability  of  the  system  that  is  now  re- 
quired; whereas  in  the  two  preceding  hypotheses  the  inquiry 
related  to  the  stability  of  particular  planetary  orbits. 

In  this  investigation  it  is  important  to  observe  that  we  cannot 
determine  the  actual  mass  of  any  of  the  planets,  but  only  the  ratio 
of  the  different  planetary  masses,  in  the  same  manner  that  Kepler's 
third  law  determines  the  relative  distances  of  the  different  planets 
from  their  mean  motions.  But  when  the  mass  of  one  of  the 
planets  has  been  in  any  way  determined,  the  relation  between  the 
different  planetary  masses  serves  to  determine  them  all.  The 
reason  of  this  indetermination  is  this :  —  The  magnitude  of  the 
secular  inequalities  does  not  depend  upon  the  actual  masses  of  the 
planets,  but  simply  upon  the  ratio  of  the  masses  to  each  other ;  so 
that  if  all  the  masses  were  to  be  increased  or  diminished  in  the 
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same  ratio,  the  magnitude  of  the  secular  inequalities  would  remain 
unchanged. 

I  have  therefore  supposed  that  the  mass  of  Jupiter  is  accurately 
known,  although  it  may  possibly  be  in  error  to  the  extent  of  its 
one-thoicsancUh  part ;  and  shall  endeavor  to  assign  such  masses  to 
the  other  planets  as  will  insure  to  the  system  the  condition  of 
maximum  permanence. 

If  we  suppose  the  letters  in  equation  (2)  to  refer  to  the  planet 
Mercury^  and  mark  them  with  one,  two,  three,  <fcc.,  accents 
to  designate  the  same  quantities  relative  to  VentcSj  the  JSarthy 
Mar$^  &c.,  we  shall  have  the  following  system  of  equations  for 
computing  the  living  force  of  the  system,  which  are  correct  to 
quantities  depending  on  the  third  power  of  the  eccentricities :  — 

mv^    = —  J  1  —  i^   {  \  Idving  force  of  Mercury. 

wV  =^  I  1  — i^'*  [  (  Idving  force  of  Venus,    (4) 

m"v"^=^  j  1  _  j^/2 1  V  Living  force  of  the  Earth. 

Ac.  / 

If  we  add  all  these  equations  together,  we  shall  obtiun  the  ex- 
pression for  the  living  force  of  the  whole  system,  as  follows :  — 


^  {    a  d  a"  ) 


(5) 


But  since  the  living  force  of  the  whole  system,  or  the  sum  of  the 
living  forces  of  the  bodies  of  the  system  is  constant,  we  shall  have 

m    ,    m'        m",    „ 
-4 +  &c.  =  constant,     (6) 

and        ^e«+^e«'  +  -^e"»  +  &c.  =  constant    (7) 
a       ^    a'  a" 

Whence  it  follows  that  the  living  force  of  a  system  of  bodies 
moving  in  circular  orbits  is  a  maximum ;  and  if  the  orbits  are  all 
circular  at  a  given  epoch,  they  will  always  remain  so,  unless  acted 
upon  by  forces  foreign  to  the  system;  in  which  case  the  living 
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force  of  the  system  is  diminished.  But  this  is  not  the  result  in  a 
system  of  elliptical  orbits.  The  living  force  of  the  system  is  not 
necessarily  diminished  by  the  action  of  a  foreign  force ;  since  the 
yariation  of  liying  force  of  the  different  bodies  of  the  system  may 
be  balanced  by  changing  the  eccentricities  in  such  manner  that  the 
constancy  of  the  living  forces  will  be  maintained. 

Since  the  first  term  of  the  second  member  of  equation  (5)  is 
constant,  the  second  term  must  also  be  constant,  and  we  shall  have 
equation  (7).  This  equation  is  analogous  to  the  celebrated  equa- 
tion dii^vered  by  La  Placb,  —  an  equation  showing  that  the 
relation  between  the  masses,  the  square  roots  of  the  mean  dis- 
tances, and  the  squares  of  the  eccentricities,  remains  always  the 
same.  But  equation  (7)  is  more  general  than  the  one  discovered 
by  La  I^lack,  which  was  restricted  to  the  condition  that  all  the 
bodies  should  revolve  in  the  same  direction ;  whereas  equation  (7) 
shows  that  the  eccentricities,  if  once  small,  will  always  remain  so, 
whether  the  bodies  aU  revolve  in  the  same  direction  or  not. 

Translated  into  ordinary  language,  equation  (5)  enunciates  the 
following  theorem :  — If  the  mass  of  each  planet  be  mtdHplied  by 
the  product  of  the  square  of  its  velocity  by  the  square  of  the  eccen- 
tricity of  its  orbitj  the  sum  of  such  products  always  retains  the 
same  magnitude. 

Now,  denoting  the  minimum  and  maximum  eccentricities  of 
Mercuries  orbit  by  e^  and  e^  respectively,  and  accenting  the  same 
letters  for  the  same  quantities  relating  to  the  other  planets,  we 
shall  find — 

^r     ^       .  ^  \   9        a  )         \     Maximum  Variation  of  Msr^ 
J(mv^  =  i    -  j  i?,-^,  I  ^       \  ew,y,uving  force. 

^^    ; -X       ,♦»»'(-       -#•  )      f     Maximum  Variation  of  "Fcnw*** 
^(«'«^  =  i-^j««.— ".),  Uvingforce. 

m"  (     -        ^  )      \     Maximum  Variation  of  jEbrtA'a 
^K'^0  =i  ^  1  ^^-^^  j  ,    I  Hving  force. 

Ac.     (8) 

Neglecting  to  notice  the  signs  in  these  variations,  and  taking 
their  sum,  we  shall  find  — 

im 


a! 
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Now  it  is  evident  that  that  distribution  of  planetary  masses 
which  permits  the  greatest  variation  in  the  living  forces  of  the 
bodies  of  the  system  is  that  which  secures  the  condition  of  maxi- 
mum permanence  to  the  system.  The  condition  of  maximum 
permanence  is  therefore^'satisfied  when  the  masses  are  determined 
so  as  to  satisfy  the  following  equations: — 


JfrP  , 


(10) 


z/m" 


&c. 


'  We  shall  now  apply  the  preceding  theory  to  the  determination 
of  the  masses  of  the  Mirth  and  Venu8^  these  being  the  only  planets 
whose  masses  have  yet  been  thus  determined. 

The  computed  values  of  the  variable  part  of  the  living  forces  of 
the  planets,  for  four  different  values  of  the  earth^s  mass,  are  as 
follows :  — 


»»",X 

m",X 

tn\X 

fn"o 

(1+A) 

(1+A) 

(HA) 

(m-r-a)  («»i-e«,)  X  10"  206.701 

206.064 

203.292 

201.002 

(m'^a'){e^,-e",) 

176.863 

198.749 

206.001 

208.684 

(m"-T-a")  («"»,— c'«) 

124.442 

137.123 

144.731 

144610 

{m">-r-a"')  (e"'*,— e"'»o) 

46.916 

48.136 

48.532 

48.941 

(m"-r a")  («''«,-«"'.) 

5594.640 

5594.412 

5594.261 

5594.112 

{m^-^a^)  («'«,-e'».) 

2083.246 

2083.292 

2083.339 

2088.868 

(m^-^o")  {e^\—e^,) 

124.383 

124.290 

124.244 

124.198 

(m^^a^)  (e^,-e-^,) 

3.181 

3.180 

8.179 

3.178 

Sum  =  <  =  8360.211  8389.245    8407.579     8408.048 

We  may  tabulate  these  sums  as  follows :  — 

m"  Diff.  ».         IstDifE    2dDiffi     3d  Diff. 

m",  ^m%      8860.211 


«*",(!  + A) 
»»",(1  +  A) 
»»"o(l  +  A) 


8389.245 
8407.579 
8408.048 


10.700 


+  29.034  _ 

+  18-334       n;870 
-f-  0.464 


—  7.17 
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The  function  a  is  evidently  a  maximum  when  fnf^:=^fnl\  (1  -|-  ^), 
very  nearly.  An  exact  calculation  shows  that  the  maximum  occurs 
when  m"  =  m"^  (1  +  ^H*^)  =  1.126767  m"^  =  ijttVttf  o^  t^® 
sun's  mass. 

According  to  this  calculation,  the  mass  of  the  earth  is  ^^^js^ 
of  the  mass  of  the  sun.  Strictly  speaking,  this  is  the  sum  of  masses 
of  the  moon  and  earth,  and  corresponds  to  a  solar  parallax  of  8'^8159, 
on  the  supposition  that  the  moon's  parallax  is  3422'^06,  and  that 
her  mass  is  equal  to  ^th  of  the  earth's  mass. 

Let  us  now  compare  this  result  with  the  values  deduced  from 
observations  made  especially  for  the  purpose  of  determining  the 
sun's  distance,  and  which  possess  all  the  precision  and  delicacy 
that  has  been  found  possible  to  attain  in  making  such  observa- 
tions. 

The  transits  of  Venus  in  1761  and  1769,  according  to  Professor 
Estckb's  discussion,  gave  the  following  values  of  the  solar 
parallax:  — 

Transit  of    1761    gave    8".49    for  sun's  parallax. 
„      „     1769      „        8".59     »      »  » 

The  values  differ  to  the  extent  of  0".10  of  a  second  from  each  other. 

By  combining  the  two  transits,  Enckb  obtained  8".571  for  the 
sun's  parallax;  and  the  following  little  table  shows  the  value 
obtained  for  the  same  element,  according  to  different  calculators,  by 
the  discussion  of  the  same  observations. 

Sun's  paraUax  deduced  from  the  transits  of  YemLS  in  1761  and 
1769:  — 

8".571    according  to  Enckb. 


Sun's  Parallax,  from 
transits  of  Venus. 


8".832  „  „  POWALKT. 

8".87  n        „  Newcomb. 

8".91  „         „  Stonk. 


Other  values  were  obtdned  by  different  investigators ;  but  the 
preceding  are  supposed  to  be  the  most  correct  that  could  be  ob- 
tained. They  suffice  to  indicate  the  degree  of  uncertainty  still 
attaching  to  that  element,  and  the  difficulty  attending  its  frirther 
improvement. 

The  preceding  values  depend  wholly  on  observation,  and  I  will 
now  proceed  to  give  the  values  that  have  been  deduced  from  the 
lunar  and  solar  motions,  from  observation  and  theory  combined. 
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/  8''.56    according  to  La  Placb« 

Sun's  Parallar,  I  8".916        „         „  Hanwbn. 

from  motions  J  8/^.95  ^^  ^  Le  Verbiek. 

of  Sun  and  )  g/zgi  ^^  ^^        ^    corrected  by  Stootb. 

Jfoan.  \  8^.84  ^         „  Nbwcomb. 

The  ralaes  of  the  parallax,  according  to  observations,  combined 
with  the  theories  of  the  motions  of  the  sun  and  moon,  give,  on  the 
whole,  a  larger  parallax  than  that  derived  from  the  transits  of 
Vem(8  ;  but  the  difference  is  very  smalL 

Another  method  of  finding  the  sun's  parallax  depends  upon  the 
motion  of  Mars  in  right-ascension,  as  affected  by  the  rotation  of 
the  earth.  Without  stepping  to  explain  the  nature  of  this  method, 
I  must  content  myself  with  simply  giving  the  results  that  have 
been  obtained. 

o     ,  T»     „      ^         ,      (      8".94S    according  to  Stoke. 

servationsofJIfer*.        J      g^^^^  ^         „  Nbwcomb. 

Lastly,  I  shall  give  the  values  of  the  sun's  parallax  according  to 
the  experimental  measures  of  the  velocity  of  light,  by  Fizeau  and 
FoucAULT.  The  time  required  by  light  to  pass  over  the  distance 
of  the  earth  from  the  sun  has  been  deduced  from  the  eclipses  of 
Jupiter^s  first  satellite,  and  from  the  phenomena  of  aberration. 
These  two  estimates  are  somewhat  different,  and  it  is  therefore 
necessary  to  assign  the  distance  or  parallax  correspondiug  to  each 
determination.  If  we  multiply  the  velocity  of  light  by  the  time 
required  for  its  passage  from  the  sun  to  the  earth,  we  shall  evi- 
dently have  the  distance  of  the  earth  from  the  sun,  from  which 
the  parallax  is  easily  deduced.  Now  the  velocity  of  light,  accord- 
ing to  the  experiment  of  Fizeait,  is  194,600  miles  per  second ; 
while,  according  to  the  ei^penment  of  FouoAULT,.it  is  only  185,300 
miles  in  a  second.  According  to  Delahbrb's  discussion  of  more 
than  one  thousand  eclipses  of  Jupiter^s  first  satellite,  the  time 
required  for  light  to  pass  over  the  mean  distance  of  the  earth  from 
the  sun  is  493M98  seconds.  Multiplying  the  preceding  velocities 
by  this  number,  and  dividing  the  earth's  radius  by  their  product, 
we  shall  obtain  the  sine  of  the  sun's  parallax. 
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Son's  Parallax. 

{\  Combined  with  time  of  passage 
8".9440    I      of  light  from  sun  to  the  earth, 
8".5165    r     as  deduced  from  eclipses  of 
J      Jupiter'a  satellites. 

According  to  the  phenomena  of  aberration,  light  requires  497.827 
seconds  to  pass  from  the  sun  to  the  earth.  We  must  therefore 
multiply  the  preceding  velocities  by  this  number,  and  divide  by 
their  products  as  before,  and  we  shall  find  the  sun's  parallax  as 
fellows: — 

Sun's  Parallax. 

{\  Combined  with  time  of  passage 
8".8608    I      of  light  from  sun  to  the  earth, 
8M374    f      according  to  the  phenomena 
J      of  aberration.  . 

If  we  now  take  the  arithmetical  mean  of  all  these  various  deter- 
minations, we  shall  find  that  the  sun's  parallax  is  8''.805,  which 
differs  only  one^ninetieth  of  a  second  from  my  theoretical  value  of 
the  parallax.  This  near  agreement  is,  perhaps,  accidental;  but 
still  this  comparison  suffices  to  show  that,  so  far  at  least  as  the 
earth  is  concerned,  the  preceding  hypothesis  accords  well  with 
observation. 

Let  us  now  determine  the  mass  of  Verms  by  the  same  method, 
and  compare  our  result  with  the  various  determinations  by  other 
methods. 

The  assumed  mass  of  Yenua  is  m\  =  -s^^jsjijs  \  and  I  have  com- 
puted the  terms  of  equation  (9)  for  increments  of  ^m'^  j^^'o' 
i^m^ffl  and  A^o5  *^^  ^^  ^^^  following  results  for  the  various 
hypotheses: — 

8.  IstDiffl     2dDiff.      3d  Diff. 

»»'.  8360.211 

^'o  (1  +  A)      8422.162  +  J™  -  26.726 
m'o  (1  +  A)      8457.387  +  [^^^  -  23.372  +  J'^jJ 
^/^  (1  -|_  ,»^)      8469.240  +  JJ'lJrJ  —  22.627  +  "''^^ 
^/^  (1  +  ^)      8458.466  ~  ^"-^^^ 

From  these  numbers  we  deduce  a  maximum  for  a  when  the  mass 
m' = mf^  (1  +  l^i  )  =  1.155  m'^  =  rrhvv^^  o^  ^^  soil's  °^ass. 

To  compare  titiis  mass  of  Venus  with  observations,  I  find  that 
ike  fiiQowing  Taloes  have  been  fi^und  by  different  calculators  for 
the  mass  of  this  planet : — 
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^  =  ttisVt?  according  to  Delambbe. 


^^  —  ^?fl^?ir 

» 

5J 

LlNDENAtr. 

^'  =  ^^€TS^ 

» 

M 

La  Place. 

^'  =  ?TnVrT 

» 

» 

BUBGHAEDT. 

*'*'  =  ^tttVtt 

99 

» 

AlBY. 

^   =  "STOUTSIT 

» 

» 

Le  Veebieb. 

^'  =  ^^Wt 

1» 

» 

ROTHMAN. 

From  this  statement  it  appears  that  my  theoretical  value  of  the 
mass  of  Yenu%  exceeds,  by  a  very  small  quantity,  all  the  values  of 
the  mass  of  this  planet  which  have  been  deduced  from  observations. 
But  this  circumstance  need  excite  no  surprise,  when  we  remember 
that  the  recent  correction  to  the  mass  of  Jupiter  implies  an  in- 
crease of  his  mass,  by  a  quantity  two  and  one-half  ihme%  greater 
than  the  combined  masses  of  all  the  planets  within  his  orbit. 

These  are  the  only  two  planets  whose  masses  I  have  yet  been 
able  to  determine  theoretically.  Owing  to  the  great  length  and 
intricacy  of  the  calculations,  I  have  not  been  able  to  complete  the 
calculations  for  the  other  planets  of  the  system;  but  I  have  carried 
them  to  a  sufficient  extent  to  show  that  the  recognized  values  of 
the  masses  of  the  three  planets,  outside  of  Jupiter* a  orbit,  are  con- 
siderably too  small  to  bring  them  into  harmony  with  Jupite/i^s 
mass,  so  as  to  satisfy  the  condition  of  maximum  permanence  for 
the  system.  I  have  satisfied  myself  of  the  correctness  of  this  state- 
ment in  two  different  ways.  Firsts  by  increasing  each  of  those 
planetary  masses  by  finite  increments,  as  already  explained,  and 
then  increasing  them  simultaneously  by  the  same  quantities ;  and, 
second^  by  diminishing  the  mass  of  Jupiter.  I  find  that  the  effect 
of  dhninishing  the  mass  of  Jupiter^  on  the  expression  of  the 
variable  part  of  the  living  force  of  the  system,  is  the  same  as  an 
increase  of  the  planetary  masses  that  circulate  beyond  him.  But 
in  regard  to  the  limits  of  increase  to  the  masses  of  Saturn^  Uranus^ 
and  N^une^  I  cannot  speak  with  any  degree  of  certainty.  That 
there  is  a  limit  does  not  admit  of  a  doubt ;  and  the  fact  that  a 
decrease  of  JupUei^e  mass  has  the  same  effect  as  an  increase  of  the 
planetary  masses  beyond  him  shows  simply  that  the  recognized 
values  of  the  four  most  distant  planetary  masses  do  not  harmonize 
with  the  principle  on  which  my  calculations  are  founded.  Whether 
any  admissible  changes  in  the  recognized  values  of  the  three  outer 
planetary  masses  will  bring  the  system  into  harmony  remains  yet 
to  be  determined. 
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Now,  without  positively  affirmiDg  that  my  explanation  of  the 
physical  significance  of  these  conditions  of  maxima  is  correct,  we 
may  safely  conclude  that  they  cannot  be  meaningless,  and  that 
the  correct  interpretation  of  them  will  extend  our  knowledge  of 
the  manner  in  which  cosmical  forces  operate  in  the  formation  of 
isolated  stellar  and  planetary  systems. 


5.  LoNGiTUDB   Determination  across  the   Continent.     By 
Geobge  W.  Dean,  of  Fall  River,  Mass. 

With  the  permission  of  Professor  Peirce,  Superintendent  of  the 
United  States  Coast  Survey,  I  offer  to  the  Association  a  brief 
statement  in  regard  to  the  method  used  and  the  results  obtained 
by  the  Coast  Survey,  in  determining  the  longitude  of  San  Fran- 
cisco, and  several  intermediate  points,  by  telegraphic  exchange  of 
clock  signals  with  Harvard  College  Observatory,  Cambridge, 
Massachusetts. 

In  November,  1862, 1  was  requested  by  the  late  Professor  Bache 
to  obtain  such  information  as  might  be  practicable,  in  regard  to 
the  construction  of  the  telegraph  lines  across  the  Continent,  with 
the  view  of  determining  by  the  telegraphic  method  the  difference 
of  longitude  between  the  Atlantic  and  Pacific  coasts. 

He,  at  the  same  time,  requested  me  to  make  a  series  of  experi- 
ments with  "relay  magnets,"  generally  known  as  ^telegraph  re- 
peaters^ for  the  purpose  of  measuring  approximately  the  time 
required  for  transmitting  a  signal  through  one  or  more  of  those 
instruments. 

The  results  of  those  preliminary  experiments  were  inserted  by 
the  Professor  in  the  Appendix  of  his  Annual  Report  for  1863,  and 
the  final  results  in  his  Report  for  the  year  1864. 

I  was  greatly  indebted  to  the  present  distinguished  Secretary 
of  the  Smithsonian  Institution,  Professor  Henry,  for  the  success 
attending  the  experiments  with  "relay  magnets,''  in  1863-64; 
and  it  is    gratifying  that  the  results  then  obtained    have,  in 


Digitized  by  VjOOQIC 


80  A.    MATHEMATICS,  PHYSICS,  AXD  CHBMISTBT. 

some  degree,  aided  in  modifying  and  improving  the  eonstmction 
of  the  telegraph  instruments  now  in  general  use  in  the  United 
States. 

In  October,  1868,  I  was  directed  by  the  Superintendent,  Pro- 
fessor Peirce,  to  make  the  requisite  arrangements  for  determining, 
by  telegraphic  exchange  of  clock  signals,  the  difference  of  lon^tude 
between  Harvard  College  Observatory  and  one  of  the  Coast  Sur- 
vey Stations  on  the  Pacific  coast,  and  to  prepare  a  programme  for 
conducting  the  operations. 

The  general  outline  of  the  plan  was  to  establish  an  Astronomical 
Station  at  Omaha,  Nebraska,  which  is,  by  the  telegraph  rate,  about 
1,550  miles  from  Cambridge ;  also  a  Station  at  Salt  Lake  City, 
Utah,  which  is  located  about  1,050  miles  west  of  Omaha,  and  950 
miles  east  of  San  Francisco. 

Professor  Winlock,  Director  of  Harvard  College  Observatory, 
co-operated  with  the  Coast  Survey,  by  placing  his  astronomical 
instruments  at  the  service  of  the  Superintendent,  and  directing  the 
telegraphic  longitude  operations  at  Cambridge. 

The  observations  for  determining  the  clock  and  instrumental 
correction?  at  Cambridge  were  made  chiefly  by  Assistant  A.  T. 
Mosman  and  Sub-Assistant  F.  Blake,  Jr. 

At  Omaha,  the  clock  and  instrumental  corrections  were  deter- 
mined by  Assistant  Edward  Goodfellow,  and  Mr.  E.  P.  Austin, 
who  used  a  forty-six-inch  transit  with  an  aperture  of  two  and 
three-fourths  inches. 

All  the  observations  were  recorded  by  an  astronomical  dock,  in 
connection  with  a  chronograph  register. 

At  Salt  Lake  City,  the  clock  and  instrumental  corrections  were 
determined  by  myself,  assisted  by  Mr.  F.  H.  Agnew,  Sub-Assistant 
in  the  Coast  Survey. 

The  instruments  used  were  umilar  to  those  provided  for  the 
Stations  at  Omaha  and  San  Francisco. 

Assistant  Greorge  Davidson  had  charge  of  the  longitude  opera- 
tions at  San  Francisco,  and  co-operated  with  Professor  Winlock 
and  myself  in  making  the  telegraphic  longitude  determinations 
across  the  Continent. 

Cold,  dry  weather  being  most  &vorable  for  exchan^ng  telegraph 
signals  between  distant  stations,  arrangements  were  made  for  these 
expenments  during  the  winter  of  1868-69. 

Whenever  the  weather  permitted,  the  clock  and  instrumental 
corrections  at  each  station  were  carefully  determined  immediately 
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before  and  after  the  exchange  of  clock  signals  between  the  several 
stations. 

For  this  purpose  a  series  of  eight  or  ten  standard  zenith,  and 
two  or  three  circumpolar  stars  were  observed,  one-half  with  the 
lamp-end  of  the  axis  €(zst^  and  an  equal  number  with  the  lamp 
toest. 

In  such  a  series,  the  probable  error  of  the  result  for  clock  cor- 
rection, in  no  case,  exceeded  0.05  seconds. 

Mayer^s  formulae,  by  application  of  the  method  of  least  squares, 
have  been  used  in  these  reductions,  which  have  been  made  in 
the  most  satisfactory  manner  by  Captain  Isaac  Bradford,  of  Cam- 
bridge. 

The  formulae  and  a  single  example,  for  the  purpose  of  illustrating 
the  general  arrangement  of  the  reductions,  are  given  with  the  ab- 
stract of  longitude  results. 

In  closing  this  paper,  I  will  state  that,  on  the  nights  of  February 
28th  and  March  7th,  1869,  the  Western  Union  Telegraph  Com- 
pany, with  their  usual  liberality  for  the  advancement  of  science, 
placed  two  of  their  telegraph  lines  between  Cambridge  and  San 
Francisco  at  the  service  of  the  Coast  Survey,  for  the  purpose  of 
measuring  the  ^transmission  time"  of  signals  sent  from  Cambridge 
to  San  Francisco  and  returned,  and  vice  versd. 

The  entire  length  of  the  several  circuits,  which  were  composed 
chiefly  of  No.  9  iron  wire,  was  about  7,200  miles;  and  the  number 
of  "  telegraph  repeaters  "  used  was  thirteen.  • 

The  results  were  very  satisfactory,  and  accorded  closely  with 
the  "  double  transmission  time  "  deduced  from  the  longitude  deter- 
minations between  Cambridge  and  San  Francisco,  and  also  with 
the  results  of  the  experiments  made  for  "transmission  time,"  with 
a  single  wire  between  those  points,  by  Professor  Winlock  and 
Assistant  Davidson. 
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Sur. 

Lamp. 

Tallies. 

cc 

6 

M 

F 

log.F 

log.  sec.  6 

log.p 

log.  a 

log.  R. 
R. 


A, 


C. 

K 

T 

t 
<j 
Cc 


FORMULAE  USED  IN  THE  REDUCTIONS. 


Mean  of  Tallies. 
„      „  Thread  Intervals. 


p  is  the  correction  for  rate,  and  its  log.  is  0.000005  for  a  gain 
of  1  sec.  daily  :  0.00119  for  a  mean  time  clock. 

a  is  the  %ine  correction :  log.  a  being  additive  to  log.  F ;  when 
F  sec.  6  is  less  than  2"  it  may  be  neglected. 

R  =  F.  sec.  <J.  a.  p. ;  and  is  to  be  added  to  3/  to  obtain  the 
Time  of  Transit  over  the  mean  of  all  the  Threads. 

6o  =  the  level  correction  in  time,  corrected  for  inequality  of 
pivots :  it  is  positive  for  W>  end  high. 
sin.  (^  —  d) 

COS.  (J 

Q__^cos.  (0  — c5) 

COS.  6 
C  =  sec.  6 

K  =  The  Diurnal   aberration  =  0^.021   cos.  ^  sec. 
( — )  in  upper,  (+)  in  lower  culminations. 


A  =  ' 


1800  —  s  being  used  instead  of  6  when 
the  star  is  below  the  pole. 


6.     It  ia 


T  =  M+R. 

t=T+Bb^  +  K 

ci=  o:  —t  =  ^  +  Aa  ±^  Cc 

wq  =  0)  ^  Cc,  upper  sign  for  lamp  west. 

The  CoUimation  Constant  (c)  is  determined  from  reversals 

in  circumpolar  stars,  and  is  to  be  obtained  from  the 

equation 

U-^t„  =  <j^  —  u^  =  2Cc. 

A.  is  positive,  except  for  stars  between  the  Zenith  and  North 

B.  „  „  „        at  lower  culmination.       [Pole. 

^'  ft  >»  «  tt  i» 

The  local  time  and  azimuth  are  obtained  thus :  Assume  an 
approximate  value  of  the  clock  correction  =  0  for  an 
arbitrary  time  Tq,  and  call  «  —  6  =  </.  If  the  CoUima- 
tion is  known,  and  the  corresponding  corrections  applied, 
we  have  only  to  reduce  the  value  of  wq  for  the  several 
stars  to  the  time  Tq,  by  applying  the  correction  for  daily 
rate.    Thus :  — 


(Wfl)  =  «o  + 


■  X  daily  rate. 


24  hr. 
and  we  have,  putting  £ie  =  At  —  0, 

2  4.  A^  +  2^aa  =  2  J«'o 
Whence  we  determine  a,  A0,  and  thence  At  for  the  time  Tg. 
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Star. 


u  Draconis  L.C. . 
^'  Draconis  L.C. 


k.    m. 
To  =    6.  46 

s. 
«= +12.550 


Observer  A.  T.  M. 


\:lock  and  azimuth  corrections. 


Stab. 

("o) 

A. 

«'o 

A^ 

1 
1 

U 

(J  Dnoonis  L.  C. 
^Dneoii&B{pr.)L 
a  Orioniii.    . 
^Gemloor.    . 
eC«i.MiU.    . 
^Can.&^j.    . 
JGeminor.    . 
oc  Cu.  MIn. . 
P  Gcminor.    . 
^  <3«minor.    . 

.C. 

W.-E. 
E.-W. 

W. 

W. 

W. 

W. 

W. 

E. 

E. 

E. 

+12.246 
+12.139 
+12.426 
+12.450 
+12.462 
+12.420 
+12.474 
+12.600 
+12.606 
+12.497 

+2.580 
+2.976 
+  .578 
+  .466 
+1.060 
+1.037 
+  .872 
+  .602 
+  .276 
+  .296 

-.304 
-.411 
-.124 
—100 
—.098 
-.180 
-.076 
-.050 
-.045 
-.058 

6.656 

8.857 

.836 

.207 

1.167 

1.076 

.139 

.863 

.076 

.088 

-.784    1  -.812 
-1.226      -.860 
-.072  i    -.070 
-.046  i'  —056 
-.106    !  -.181 
—185      -.125 
-.028      -.046 
-.030   1  -.073 
-.012      -.083 
—016  '    -.036 

12.658 
12.499 
12.496 
12.606 
12.688 
12.545 
12.519 
12.573 
12.638 
12.633 

+10.252 

-1.391 

18.964 

-2.462  J 

12.686 

10  AH  10.262  a  = 

—  1.891 

+  10.2o2  Aff +  18.964  a  = 

—  2.452 

A(^+ 1.02.52  a  = 

—  .1391 

+  10.262  A«+ 10.610  a  = 

—  1.426 

+  8.454  a  = 

—  1.026 

a  = 

—    .121 

A^  — .1240  =  — .1391 
A»=—   .015 

A/ =+12.535  ±.007 
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REDUCTIONS    OF   THE  OBSERVATIONS  FOR 
Fbbruast  17th, 


Star. 

«  Draookis  L.  C. 

V^DKACOins  (pr.)  L.  C. 

a  ObIOIOS. 

COiCMmoB. 

Lamp. 

W.                  E. 

E. 

w. 

w. 

W. 

TaUies. 

F.   C.            E.  F, 

B.  a 

C.  B. 

C.  D.  S. 

a  D.  E. 

fi.fn.  s. 

h.tn-   $. 

h,m.$. 

k,  m.  9. 

a 

6.87.41.56 

6.44.14.86 

6.48.6.20 

6.80.9.21 

d 

+68o48'62''.0 

+72oi2'32''.9 

+7«>22'87''5 

-fl6'30'22".4 

M, 

5.86.24.8^6 

5.88.84.368 

6.42.49.900 

5.45.19.295 

5.47.62.714 

6.29.66.682 

F. 

+28.499 

—23.499 

+22.088 

—28.619 

+0.024 

+0.024 

log.F 

1.87105 

1.87105W 

1.844068 

1.87142n 

8.88021 

8.38021 

log.  sec.  6 

0.442024 

0.442024 

0.614927 

0.614927 

0.00361 

0.01828 

log.p 

s 

log.  a 

02 

02 

log.  72. 

1.818074 

1.818074n 

1.868987 

1.886849 

8.88882 

8.89849 

R. 

+1.6.024 

—1.5.024 

+1.12.276 

—1.16.976 

+.024 

+.026 

to 

+  .094 

+.066 

+.066 

+.064 

+.064 

+.061 

A. 

+2.680 

+2.976 

+.578 

+.455 

B. 

—1.000 

—1.862 

+.826 

+.988 

a 

—2.767 
+.048 

+.048 

—8.278 

+1.008 

+1.048 

K 

+.061 

+.061 

-.016 

—.016 

Bh, 

—.094 

—.066 

—.090 

—.074 

+.045 

+.057 

T 

5.37.29.370 

6.87.29.844 

6.44.2.175 

6.44.2.820 

6.47.52.788 

6.29.66.707 

t 

5.87.29.319 

6.87.29.321 

5.44.2.136 

6.44.2.297 

647.62.767 

6.29.56.748 

<j 

+12.241 

+12.239 

+12.214 

+12.063 

+12.483 

+12.462 

Cc 

—.012 

—  018 

"0 

+12.240 

+12.184 

+12.421 

+12.449 

M 

+12.246 

+12.189 

+12.426 

+12.460 
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CLOCK  AM)  INSTRUMENTAL  CORRECTIONS. 
Febbuabt  17th,  1869 


c  =  +  .012 

Hourly  rate  =  +  .005 


eCAir.MAj. 

dCAX.  MAJ. 

JGeuixob. 

X  Can.  Min. 

pQEMUSfOR. 

0  Okminor. 

W. 

w. 

TT. 

E, 

E. 

E. 

C.  D.  E, 

a  z>.  E, 

D. 

E,  D.  C. 

E,  D.  a 

E.  D,  C. 

k.  m.  $. 

A.m.». 

A.  m.  t. 

h.  m.  s. 

A.  m.  *. 

h.  m.  *. 

6.58.29.63 

7.8.4.87 

7.12.18.60 

7.82.27.46 

7.87.18.68 

7.45.29.60 

— 28o48'2".2 

-26'ir29'^8 

+  22'18'8".4 

+  5'88'19''.2 

+28'20'18''.6 

+27-6'2''.0 

6.53.17.152 

7.2.52.422 

7.12.6.104 

7.82.14.944 

7.87.6.096 

7.45.16.975 

+  0.024 

+  0.024 

0.000 

—0.024 

—0.024 

—0.024 

8.88021 

8.88021 

GO 

8.88021 

8.88021 

8.88021 

0.06785 

0.04705 

0.08851 

0.00205 

0.05544 

0.05051 

8.43756 

8.42726 

CO 

8.8^226n 

8.48566n 

8.48072n 

+.027 

+.027 

—.024 

-.027 

—.027 

+.004 

+.010 

+.024 

+.080 

+.076 

+.074 

+1.080 

+1.087 

+.872 

+.602 

+.276 

+.296 

+.868 

+.407 

+1.014 

+.804 

+1.102 

+1.084 

+1.141 

+1.114 

+1.080 

+1.005 

+1.186 

+1.123 

—.018 

-.017 

—.017 

—.016 

—.018 

—.017 

+.002 

+.004 

+.024 

+-.064 

+.084 

+  .080 

6.53.17.179 

7.2.52.449 

7.12.6.104 

7.82.14.920 

7.37.6.069 

7.45.16.948 

6.58.17.168 

7.2.52.486 

7.12.6.111 

7.82.14.968 

7.87.6.185 

7.45.17.011 

+12.467 

+12.484 

+12.489 

+12.492 

+12.495 

+  12.489 

—.014 

-.018 

—.013 

+.012 

+.014 

+  .013 

+12.453 

+12.421 

+12.476 

+12.504 

+12.509 

+  12.502 

+12.452 

+  12.420 

+12.474 

+12.500 

+12.505 

+  12.497 
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LONGITUDE   DETERMINATIONS   ACROSS    THE    CONTINENT. 


Januabt  axd  FsBRnxHT,  1869. 
{Final  BesulU.) 


Penanal  Bgimatiotia, 
Dean  —  Mosman  .  .  . 
Goodfellow — Dean.  .  . 
Dean  —  DaTidson   .    .    . 


=  +  0.  11  >  From  Gould's  Report  of  May,  1867, 
=  +  0.  02  S         page  76. 

=:  +  0.180  >  From    Obseryations   made   at   San 
S         Francisco,  April,  1869. 


AolUNt. 

Oburver. 

Cambridge  .    . 

Mosman  . 

Omaha    .    .    . 

GoodfeUow 

Salt  Lake    .    . 

Dean  .    . 

Smn  Francisco  . 

Davidson 

«.    Dean*t  Standard. 
+  0.110  \  To  be  applied  to  the  Clock  Correc- 
—  0.020  f       tions  of  the  respective  Stations, 

0.000  t       to  reduce  them  to  Dean's  stand- 
+  0.180  )       ard. 


To  correct  the  diflferenoe  of  longitude  for  Personal  Equations,  we  have :  — 


Cambridge  Time  —  Omaha  Time  ==  +  0.180 

„    —  Salt  Lake  „  =  +  0.110 

Omaha  „    —         „        „  =  —  0.020 

Cambridge      „    —  San  Francisco  =  —  0.070 

Omaha  „    —         „  =  —  0.200 

Salt  Lake       „    —         „  =—0.180 


Stations. 

nOnmea 
of  Longitude. 

Personal 
SqoAtton. 

ofLongitadA. 

Double  Trans- 
mlMlon  Time. 

Xj  +  X2 

GttBteidcstoOinalui.    . 

0ai«to       „       „ 
OMttlnUfB  „  fluirnoQino 
OwOia       „       „ 

k.  m,  s. 

1.  89.  16.169 

2.  48.    4ii67 
1.    8.49.061 
8.26.    7.280 
1.  46.  62.094 
0.42.    8.026 

9, 

+  080 
+  .110 
-.020 
-/)70 
-.200 
-.180 

k.  m.  9,           9. 

1.89.16.289  db  .008 

248.4.887^.008 
1.8.49.061  it. 006 
8J!6.  7.190 ±.007 
1.46.61.894^.010 
0.42.  2.844  db  .006 

«. 

.886  ±  .016 

.661  d:  .019 
.200  ±.016 
.817  ±  .014 
.488  ±.088 
.242  ±  .016 
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Stations. 

DUEoreDee  of  Los^fende. 

X1-+-X, 

Cambridge  to  Omaha 

Omaha  to  Salt  Lake 

Cambridge  to  Salt  Lake  (Smn.)  . 

Cambridge  to  Salt  Lake  (Direct). 

Difference 

h.  m.    «.             «. 

1.89.16.289  ±.008 
1.  8.49.061  ±  .008 
2.48.  4.860  ±  .011 
2.48.  4.867  ±  008 
.017  ±  .014 

.886  ±  .016 
.260  -t  .016 
.696  -t  .022 
.691  ±  .019 
.006  ±.029 

Cambridge  to  Omaha 

Omaha  to  Salt  Lake 

Salt  Lake  to  San  Francisco .    .    . 
Cambridge  to  SanFrandaco  (Sum.) 
Cambridge  to  San  Francisco  (Direct) 
Difference 

1.89.16.289  ±  .008 
1.  8.49.061  ±  008 
0.42.  2.844  ±  .008 
8.26.  7.194  ±  014 
8.26.  7.190  ±  .007 
.004  -t  .016 

.886  ±  .016 
.260  ±  .016 
.242  ±  .016 
.888  ±  .027 
.817  ±  .014 
.021  ±  .080 

Omaha  to  Salt  Lake 

Salt  Lake  to  San  Francisco     .    . 

Omaha  to  San  Francisco  (Sum.)  . 

Omaha  to  San  Francisco  (Direct). 

Difference 

1.  8.49.061  -t  .008 
0.42.  2.844  ±  .008 
1.46.61.906  ±  .011 
1.46.61.894  -t  .010 
.011  ±  .016 

.260  ±  .016 
.242  ±  .016 
.602  ±  .028 
.488  ±  .023 
.019  ±  .082 

Cambridge  to  Omaha    .... 
Omaha  to  San  Francisco    .    .    . 
Cambridge  to  San  Frandsoo  (Sum.) 
Cambridge  to  San  Francisco  (Durect) 
Difference 

1.89.16.289  i  .008 
1.46.61.894  ±  .010 
8.26.  7.188  -t  .013 
8.26.  7.190  ±  .007 
.007  ±  .016 

.886  ±  .016 
.488  ±  .028 
.819  ±  .027 
.817  ±  .014 
.002  ±  .080 

Cambridge  to  Salt  Lake  .    .    .    . 
Salt  Lake  to  San  Francisco .    .    . 
Cambridge  to  San  Francisco  (Sum.) 
Cambridge  to  San  Francisco  (Direct) 
Difference 

2.48.  4.867  ±  .008 
0.42.  2.844  -t  .008 
8.26.  7.211  ±  .011 
8.26.  7.190  ±  .007 
.021  ±  .013 

.691  ±  .019 
.242  ±  .016 
.888  ±  .026 
.817  ±  014 
.016  ±  .029 

Cambridge  to  San  Francisco    .    . 
(C.toO.) -HO.to  S.L.)  + (S.L.toS.F.) 
(C.toO.)  +  (0.toS.F.)    .... 
(C.toS.L.)  +  (S.L.toS.F.).    .    . 
Cambridge  to  San  Francisco) 
Mean  of  aU ) 

8.26.  7.190  ±  .007 
7.194  -t  .014 
7.188  ±  .018 

7.211  ±  .011 
h.  tn.  a,                s. 
8.26.  7.194  -t  .006 

.817  ±  .014 
.888  ±  .027 
.819  ±  .027 
.888  ±  .026 

!827  ±  .012 
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6.  On  the  Use  of  the  Zenith  Telescope  for  Obsertations 
OF  Time.    By  J.  E.  Hilgard,  of  Washington,  D.C. 

The  Zenith  Telescope,  or  equal  altitude  instrument,  has  now 
during  twenty  years  been  used  very  successfolly  for  determinations 
of  latitude,  and,  with  Americans,  has  become  the  favorite  field-in- 
strument, both  on  account  of  the  precision  of  its  results,  and  of  the 
^ility  of  observation.  Its  power  for  the  determination  of  time 
has  not,  however,  been  developed,  although  well  adapted  for  the 
purpose.  Gauss,  indeed,  has  shown  long  since  how  observations 
of  stars  on  the  same  horizontal  circle,  or  at  equal  altitudes  in  dif- 
ferent verticals,  would  yield  the  co-ordinates  of  time  and  latitude, 
and  has  solved  the  problem  in  its  most  general  form.  But  the 
want  of  a  sufficient  number  of  well-determined  stars  prevented 
him  from  developing  the  most  advantageous  special  cases  of  the 
method,  requiring  the  minimum  of  computation ;  viz.,  the  deter- 
mination of  latitude  by  equal  altitudes  on  the  meridian,  north  and 
south  of  the  zenith,  and  that  of  time,  by  equal  altitudes  on  its 
prime  vertical,  east  and  west  of  the  zenith. 

When  we  consider  the  great  precision  with  which  the  Zenith  Tele- 
scope enables  us  to  observe  equal  cUtUttdea^  we  will  perceive  at  once 
its  applicability  to  that  purpose.  Here,  as  in  the  observations  for 
latitude,  we  require  a  number  of  well-determined  stars  grouped 
according  to  certain  conditions.  The  abundance  of  such  positions 
that  is  afforded  by  recent  catalogues  of  stars  renders  of  easy  ap- 
plication methods  which  would  formerly  have  failed  for  want  of 
such  data,  and  which  for  that  reason  were  not  developed. 

If  two  stars  of  precisely  the  same  polar  distance,  but  differing 
some  hours  in  right  ascension,  had  been  observed  at  the  same 
zenith  distance  on  opposite  sides  of  the  meridian,  one  to  the  east, 
the  other  to  the  west,  it  is  obvious  that  the  mean  of  their  right 
ascensions  would  express  the  right  ascension  of  the  zenith,  or  Jbhe 
sidereal  time  corresponding  to  the  mean  of  the  observed  times. 
Further,  if  there  were  but  a  small  difference  in  polar  distance,  the 
corresponding  change  in  the  hour-angle,  or  correction  to  the  time, 
could  be  expressed  by  a  simple  differential  formula. 

Since  the  determination  of  time  by  means  of  zenith  distance  is 
most  advantageous  when  the  star  is  on  the  prime  vertical,  we  will 
first  consider  the  proposed  method  under  that  condition,  which, 
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moreover,  nfibrds  the  practical  convenience  that  an  opening  along 
the  east  and  west  line  of  the  observatory,  if  the  instrument  is 
housed,  will  afford  the  command  of  all  the  stars  that  may  be 
selected.  In  the  temporary  observatories  used  in  the  Coast  Sur- 
vey, the  ridge  of  the  roof  runs  east  and  west ;  and  it  is  very  easy 
so  to  construct  it,with  a  double  ridge-beam,  as  to  have  an  opening 
of  six  inches,  which  will  be  covered  by  a  folding  door. 

We  propose,  then,  to  select  a  pair  of  stars  so  conditioned  that 
they  will  pass  the  prime  vertical  at  nearly  equal  zenith  distances 
on  opposite  sides  of  the  meridian,  at  no  great  interval  of  time  from 
each  other.  This  requires  that  their  polar  distance  should  be 
nearly  equal ;  moreover,  the  stars  must  be  south  of  the  zenith,  in 
order  that  they  may  pass  the  prime  vertical  at  all,  and  yet  suffi- 
ciently far  north  of  the  equator,  in  order  that  they  may  cross  the 
prime  vertical  at  an  altitude  beyond  the  influence  of  irregular  re- 
fraction. This  somewhat  limits  our  selection.  Before  defining  the 
limits  more  precisely,  we  will  now  consider  the  formulae  required 
for  computation. 

We  require  to  know,  approximately,  the  hour-angle,  S^  and  the 
zenith  distance,  C>  for  the  purpose  of  making  the  selection  and  pre- 
paring for  the  observations.  Wb  have  given  the  co-latitude  it,  the 
polar  distance  ^,  and  the  right  angles  at  the  zenith. 

We  have  for  the  hour-angle  — 

C08  ^7=  cot  A  tan  X ; 

for  the  zenith  distance  — 

cos  ^=1  cos  /4  sec  L 

We  further  require  differential  expressions  for  the  variations  in 
the  hour-angle,  arising  from  a  change  in  polar  distance,  and  from 
that  change  in  zenith  distance  which  is  expressed  by  the  level 
correction.  As  the  zenith  distance  gives  the  most  convenient 
expressions,  and  is  also  required  for  setting  the  instrument,  we 
employ  it  for  that  purpose,  and  obtain  readily  — 

dH=dJ   .'""^    ,  dff=dC      "'"^ 


sin  A  sin  ^  cos  A  tan  X 

As  we  have  in  the  first  expression  the  sine  of  the  zenith  distance  as 
a  dividend,  we  are  warned  not  to  come  too  near  the  zenith  in  this 
method  of  observing  for  time,  lest  the  error  in  the  diflerence  of 
polar  distance  be  greatly  exaggerated  in  the  correction  of  the  time. 
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Assmning  the  uncertainty  of  that  difference  at  one  second  of  arc, 
we  must  not  allow  the  numerical  value  of  the  factor  — 

tan  X 


sin  A  sin  f 


to  exceed  three,  if  we  would  not  admit  an  uncertainty  greater 
than  two-tenths  of  a  second  of  time.  Hence  we  should  not  choose 
stars  that  cross  the  prime  vertical  nearer  to  the  zenith  than 
about  30°. 

The  problem  would  take  a  more  favorable  form  in  this  respect 
if  we  could  observe  the  stars  precisely  on  the  prime  vertical,  and 
measure  with  the  micrometer  the  difference  of  zenith  distance  due 
to  that  of  polar  distance.  But,  as  we  have  no  means  of  fixing  the 
instrument  in  that  vertical,  it  is  best  to  accept  the  simpler  mode 
of  using  equal  altitudes.  We  shall,  however,  hereafter  consider 
more  fully  the  mode  of  observing  just  mentioned. 

Let  us  now  illustrate  the  proposed  method  by  an  example. 
Wishing  to  make  observations  for  time  in  that  way  at  Washington, 
in  October,  1869,  we  proceed  as  follows :  — 

Taking  the  latitude  at  38^  63'  40",  and  adopting  76^  as  the 
greatest  polar  distance  to  be  used,  in  order  not  to  approach  too 
near  the  horizon,  we  prepare  for  the  selection  of  stars  by  comput- 
ing a  table  of  zenith  distances  and  hour-angles,  as  given  below. 
This  may  be  done  by  computing  for  every  second  degree,  and  in- 
terpolating the  intermediate  values.  This  is  the  only  part  of  the 
operation  that  may  appear  laborious  to  observers;  but  as  the 
factors  tan  X  and  sec  X  are  constant,  the  computation  can  be  made 
very  readily.  Arresting  the  computation  when  a  zenith  distance 
of  about  30**  is  reached,  we  form  the  following  table :  — 
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Zenith  Distance  and  Houb-anolb  of  Stabs  on  thb  Pbimb  Vebtical, 
POB  Latitude  op  Washington,  88**  68'  W, 


A 

c 

H  in  are. 

HintliiM. 

o 
75 

65*'39'4 

70**86'0 

k.     m.     $. 
4  42  24 

74 

63  57.6 

69  10.8 

4  86  48 

73 

62  14.9 

67  48.8 

4  80  55 

72 

60  81.1 

66  14.9 

4  25  00 

71 

58  46.0 

64  44.1 

4  18  56 

70 

56  59.7 

68  10.9 

4  12  48 

69 

55  11.8 

61  85.2 

4  06  21 

68 

53  22.8 

59  56.7 

8  59  47 

67 

51  80.9 

58  15.2 

8  58  01 

66 

49  87.5 

56  80.2 

8  46  01 

65 

47  41.7 

54  41.8 

8  88  45 

64 

45  48.2 

52  48.1 

8  81  12 

63 

43  41.5 

50  49.9 

8  28  20 

62 

41  86.5 

48  46.2 

8  15  05 

61 

89  27.2 

46  85.9 

8  06  24 

60 

87  18.2 

44  18.1 

2  57  18 

59 

84  58.2 

41  51.5 

2  47  26 

58 

82  26.2 

89  14.0 

2  86  56 

57 

29  50.8 

86  28.5 

2  25  84 

Determining  next  the  sidereal  hour  at  which  it  is  proposed  to 
commence  observations,  we  make  onr  selection  from  the  British 
Association's  Catalogue  of  Stars,  by  choosing  a  well-determined 
star  of  suitable  polar  distance,  having  a  right-ascension  less  than  the 
proposed  sidereal  time  by  the  approximate  hour-angle,  and  then 
looking  for  a  mate  of  nearly  the  same  polar  distance  in  a  right- 
ascension  greater  by  twice  the  hour-angle ;  the  former  being  the 
western,  the  latter  the  eastern  star  of  the  pair. 

The  following  table,  giving  a  selection  of  eligible  pairs  from  a 
much  larger  number  yielded  by  the  Catalogue,  will  show  that  there 
is  an  abundant  choice :  — 
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Table  ov  Sxlbgtbd  Paibs. 


Star 

oc  : 

A 

H, 

Ski.  Time 

when  on 

Prime  Yertioal. 

Apppox. 

h.     m. 

m. 

h.     m. 

481 
6702 

1  19 
16  49 

71**  26' 
71  21 

21 

20  68 

21  10 

59^28' 

E. 

707 
6080 

2  10 
17  48 

70  42 
70  42 

17 

21  68 

22  00 

58  14 

W. 
E, 

1890 
6788 

4  22 

19  41 

71  89 
71  46 

28 

28  69 
0  04 

60  00 

E, 

1876 
6794 

4  20 
19  48 

71  06 
71  10 

20 

0  00 
0  08 

69  00 

E, 

1984 
7628 

6  66 
21  88 

70  18 
70  20 

14 

1  41 
1  47 

67  82 

E, 
W. 

6900 
677 

17  20 
1  47 

69  49 
69  60 

12 

21  82 
21  86  ' 

66  40 

E, 

666 
6106 

1  42 
17  66 

68  22 
68  24 

02 

21  40 
21  58 

64  06 

E. 

644 
6231 

1  69 
18  16 

68  00 
68  06 

00 

21  69 

22  16 

68  26 

E. 

6887 
1046 

18  40 
8  16 

69  86 
69  48 

10 

22  60 
28  06 

56  22 

E. 

7275 
1687 

20  62 
6  11 

68  10 
68  01 

01 

0  68 

1  10 

68  82 

E, 
W. 

6116 
681 

17  67 

1  48 

67  04 
67  08 

8 

68 

21  60 
21  66 

61  87 

E. 

6827 
1147 

19  48 
8  87 

66  16 
66  18 

8 

48 

28  86 
28  49 

60  08 

E, 

6886 
1096 

19  49 
8  26 

66  01 
66  68 

8 

46 

28  86 
28  40 

49  88 

W. 

1107 

8  29 

67  18 

23  84 

E, 

6866 

19  68 

67  16 

8 

56 

28  48 

61  67 
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Tablb  of  Sblbotbd  Pairs, — continued. 


Star 
B.A.C. 

a 

A 

H. 

Bid.  Time 

when  on 

Prime  Yerdeal. 

Approz. 

w. 

E, 

1627 
7487 

k. 

4 

21 

m. 
49 
18 

66"  16' 
66  17 

8 

48 

k.     m. 
1  01 
1  06 

60*^08' 

E. 

7686 

21 

40 

67  89 

67 

1  87 

W. 

1916 

6 

68 

67  86 

8 

1  66 

62  40 

w, 

E. 

796 
6642 

2 

19 

29 
00 

66  66 
66  67 

8 

46 

22  48 
22  46 

49  80 

E. 

6676 
818 

19 
2 

28 
82 

68  80 
68  80 

8 

27 

22  60 
28  06 

44  42 

E. 

6940 
980 

20 
8 

06 
02 

68  82 
68  86 

8 

28 

28  88 
28  84 

44  49 

E. 

7461 
1826 

21 
4 

22 
12 

62  67 
62  67 

8 

28 

0  46 
0  49 

48  86 

E, 

1868 
8097 

6 
28 

46 
09 

62  26 
62  28 

8 

19 

2  26 
2  28 

42  82 

E, 

6648 

19 

19 

60  88 

22  22 

88  86 

W, 

614 

1 

84 

60  86 

8 

08 

22  81 

w. 

8206 

28 

27 

69  28 

2 

61 

20  86 

86*60 

E, 

6147 

18 

02 

69  27 

20  68 

From  this  table. the  observer  wonld  arrange  his  scheme  of  work 
to  suit  the  other  observations  he  had  in  hand.  For  the  purpose  of 
determining  the  correction  of  the  chronometer  fpr  observations  ot 
latitude  or  azimuth,  he  would  content  himself  with  observing 
three  or  four  pairs  in  an  evening;  and,  in  order  to  select  these,  he 
would  not  be  under  the  necessity  of  forming  so  extensive  a  table 
as  above  given,  but  could  readily  find  from  the  Catalogue  suitable 
pairs  for  the  special  times  at  which  he  wbhed  to  make  the  deter- 
minations of  time. 

The  following  may  serve  as  an  example  of  an  observation :  — 
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Washington,  October  15,  1869. —  The  passa^^s  of  the  star  are  observed  over 
the  fixed  horizontal  wires  markiDg  the  micrometer  readings  10,  20,  80,  and  over 
the  micrometer-wire  set  at  15  and  25  turns.  Instrument  set  to  zenith  distance 
42*  SS'.    One  division  of  level  =  V\ 

The  observations  are  made  near  the  middle  vertical  wire,  the  instrument 
following  the  star  in  azimuth  by  means  of  the  tangent  screw. 


Star. 

Biter. 

Chron.  Time. 

=3 
LtT«l. 

h.     m.     J. 

S. 

w. 

1868 

TT. 

80 

26    44  .0 

26.5 

28.0 

(186  Tanri) .    .    . 

25 
20 
15 
10 

Mean 

27    04  .8 
2    27    24  .5 

27  44  .8 

28  05  .0 

2    27    24.52 

8097 

E. 

10 

28    88  .1 

(61  Pegasi)  .    .    . 

15 
20 
25 

28  58  .5 
2    29    18  .7 

29  84  .0 

80 

29    54  .2 

80.0 

24.5 

Mean 

2    29    13.70 

56.5 

52.5 

CoXPnTATION. 


8097   A.R.    28  Od 

1868        5  45  08.21 


25.28 


A62'  27'  84^6 
62  25  24  .0 


Mean  of  ^./2.  2  27  16.74  dA 


2    10  .6  =  180'^6 


Arranging  the  signs  for  the  form  jK  —  TFT,  we  observe  that  the 
star  having  the  greater  polar  distance  has  also  the  greater  hour- 
angle  ;  and  that  if  the  eastern  star  have  the  gi-eater  polar  distance, 
making  -K  — W.  positive,  it  will  cross  the  prime  vertical  earlier : 
therefore,  in  order  to  make  the  observation  what  it  would  have 
been  if  both  stars  had  the  same  polar  distance,  we  must  add  the 
correction  for  difference  of  polar  distance  — 

^"^     .=  18.01 


^^=1i 


15    sin  A  sin  ^ 

to  the  sum  of  the  observed  times,  or  half  of  it  to  their  mean,  with 
the  sign  resulting  from  taking  the  polar  distance  of  the  western 
from  that  of  the  eastern  star. 

▲.A.A.S.  VOL.  xz.  13 
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Again,  as  to  the  level  correctioii,  if  the  east  end  is  too  high,  the 
zenith  of  the  instroment  is  to  the  west  of  the  true  zenith,  and  the 
observation  will  be  too  late  by  a  corresponding  amount.  The 
level  correction  must  therefore  be  applied  with  the  sign  result- 
ing from  subtracting  the  east  readings  from  the  west  readings. 
The  scale  being  numbered  each  way  from  the  middle,  we  must 
take  one-fourth  the  difference  of  the  sum,  and  find  the  level  cor- 
rection to  be  —  1",  which,  multiplied  with  j-= r.  gives 

^  lb  C08  J  tan  r  ° 

—  0.686  as  the  corresponding  correction  to  the  observed  time. 
We  have  therefore:  — 

k.  m.      s. 

Mean  of  obsenred  time 2  28    19.11 

Correction  for  <2A +09.00 

Correction  for  lerel — 0.08 

Corrected  Mean  of  obsenred  times  .    .    2    28    28.03 
Mean  of  right  ascensions 2    27    16.74 

Chronometer  &8t 1    11.29 


The  restriction  to  observation  of  equal  altitudes  near  the  prime 
vertical  was  adopted,  at  the  outset,  from  considerations  of  the 
more  ready  computation  of  the  hour-angle  and  zenith  distance  in 
the  right-angled  triangle,  and  of  the  convenience  of  having  a  con- 
tinuous opening  in  the  field-observatory  along  the  ridge  of  the 
building.  Moreover,  the  determination  of  time  by  equal  altitudes 
is  most  exact  when  made  in  the  prime  vertical. 

It  may  nevertheless  prove  expedient  to  choose  pairs  of  stars  not 
so  situated,  especially  such  as  can  be  found  in  the  astronomical 
ephemeris,  with  the  apparent  places  ready  to  hand.  Of  such  pairs, 
a  larger  number  than  might  be  anticipated  may  be  found,  having 
nearly  equal  polar  distances,  and  sufficiently  far  apart  in  right 
ascension  to  yield  good  determinations  of  time.  The  following 
list  has  been  selected  from  the  American  ephemeris:  — 


\ 
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90 


Blf^ti 


])<emiAtlatk  jr. 


a  ADdrom.  ,  . 

^  TbuH      .  .  . 

Mean 

6  Piaciujn  .  -  . 

a  Androm*  *  < 

/3  Gemin.  .  .  . 

f  AnetU    .  ~  > 

7  Lednis    .  .  . 

i?  Leonls    .  .  . 

y  Tfluri.    .  .  . 

t  Tiuri  *    .  .  . 

17  Baoti«    .  .  . 

p  Gemfn.   .  .  . 

a  Cor.  Bor*  *  * 

«  HydrGB     »  .  , 

a  Serpentls  .  . 

a  Leonis     .  .  . 

a  Opbiudu  *  , 


A.  m.  $. 

0  01  37 

5  18  01 

2  SO  49 

23  21  10 

7  S2  26 

5  26  5B 

0  01  S7 

7  37  17 

8  49  27 

8  07  22 

10  12  44 

6  40  03 

11  42  22 

4  12  20 

7  57  21 

4  20  58 

IS  48  26 

9  04  42 

7  45  28 

15  29  08 

11  37  18 

8  SO  50 

16  37  48 

12  08  49 

10  01  24 

17  28  61 

13  45  07 


Diff. 


28 

22 

0^ 

28 

29 

87 

7 

35 

5 

39 

34 

5 

S3 

30 

6 

04 

2S 

22 

02 

28 

20 

24 

1 

38 

20 

33 

26 

20 

SO 

10 

8 

16 

15 

18 

IG 

15 

18 

31 

16 

18 

63 

14 

19 

03 

19 

10 

05 

27 

OG 

07 

27 

09 

27 

8 

20 

C 

53 

61 

e 

60 

23 

3 

28 

12 

36 

23 

32 

80 

28 

3    06 
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Sblbotsb  List  of  Paibs, — cmUinued. 


S«w. 

Bight  Afloeiulon. 

12Can.  Ven 

A. 
12 

m. 
49 

s. 

68 

89^ 

01'  86' 

17  Hercnlifl 

16 

88 

24 

89 

10    28 

Mean 

14 

44 

08 

Diff. 

8    48 

17  Bootis 

18 

48 

26 

19 

08    19 

1  Pegaai 

21 

16 

02 

19 

14    44 

17 

82 

14 

11    26 

a  Herculu 

17 

08 

40 

14 

82    81 

a  Pegasi 

22 

68 

14 

14 

80    04 

20 

08 

27 

2    27 

a  Hercalifl 

17 

08 

40 

14 

82    81 

r  Pegasi 

24 

06 

30 

14 

27    19 

20 

87 

86 

6    12 

0  Piscium 

1 

88 

29 

8 

29    60 

a  AquilsB 

19 

44 

28 

8 

81    28 

22 

41 

26 

1    88 

If  we  are  observing  in  the  open  air,  a  selection  from  these  pairs 
will  be  found  the  most  convenient,  requiring  very  little  prepara- 
tion. In  a  temporary  observatory,  it  may  be  found  best  to  make 
small  openings,  with  covers,  for  those  stars  that  are  selected  to 
serve  for  the  determination  of  time  on  a  series  of  nights. 

To  illustrate  the  method  we  take  the  following  pair: — 


a  Andromede 
13  Geminorum 


AM, 


a, 

87 
17 


N.P,D, 


6f 


87    68 


61    89    86 


The  observation  is  to  be  made  at  the  sidereal  time  expressed  by 
the  mean  of  the  two  right  ascensions,  or  about  3A.  49m.  21  s.  But 
it  concerns  us  to  have  a  convenient  interval  between  the  two 
observations,  and  we  must  choose  the  zenith  distance  somewhat 
greater,  in  order  to  observe  the  eastern  star  eaiiier  and  the  western 
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Star  later.  Taking,  therefore,  the  hour-angle  about  two  minutes 
longer,  or  at  3A.  50m.  or  57^  30',  and  the  mean  polar  distance 
61^  S8'.8,  we  compute  the  approximate  zenith  distance  to  be 
48"*  13'.6  by  the  formulaB,— 

tan  Jf  =  tan  X  cos  J2J       cos  Z=  cos  X  sec  Mcos  {A  —  M). 

In  setting  to  this  zenith  distance,  we  neglect  the  refraction,  which 
has  the  effect  of  slightly  increasing  the  interval  between  the  two 
stars  reaching  the  middle  wire. 

Assuming  the  observed  times  to  have  been  — 

A.    m.      «. 

E 8    48    28.8 

TT.  ....    8    62    47.2 

Mean.    .    8    60  86.26 

we  compute  the  correction  for  difference  of  polar  distance  by  the 
differential  expression — 

dA  I  cot  X        cot  A  \ 

30~  \sin  S[~  tans) 

dividing  (2J  by  2  X  15  in  order  to  convert  it  into  time,  and  apply 
the  half  of  it  to  the  mean  of  the  observed  times ;  the  sign  E.—^W. 
holding  good  as  before. 

dA  being  +  98",  we  find  dS=  +  2.00. 

Furthermore,  the  level  readings  indicating  the  west  end  high 
1''.6,  we  must  add  to  the  observed  times  — 

dH=  P^.  _^^^_  =  +  0".18 ; 
15  sin  X  sin  A  sin  M        ' 

and  we  have  therefore  — 

k,  m.      i. 

Mean  of  obsenred  times 8  60    86.26 

Correction  for  rfA +  2.00 

Correction  for  lerel +  0.18 

Corrected  time  by  chronometer  ...    8    60    87.88 
Mean  AA.  or  sidereal  time    ....    8    49    27.00 

Chronometer  fast 1    10.88 

The  simplest  and  most  direct  mode  of  determining  the  time 
from  equal  altitudes  is  that  of  observing  the  sawA  star  on  or  near 
the  prime  vertical,  on  both  sides  of  the  zenith.  In  order  that  the 
observation  may  be  confined  within  convenient  limits  of  time,  the 
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Btar  should  have  a  small  zenith  distance,  or  its  declination  must  be 
nearly  equal  to  the  latitude  of  the  station.  The  limit  of  zenith 
distance  corresponding  to  any  assumed  limit  of  interval  between 
the  eastern  and  western  observation  can  be  readily  computed ;  but 
it  will  practically  suffice  to  say,  for  our  latitudes,  that  the  zenith 
distance  should  not  exceed  one  degree. 

That  the  star  should  pass  to  the  south  of  the  zenith  is  most  ad- 
vantageous ;  but,  even  if  it  passes  to  the  north  within  that  limit,  the 
observation  will  be  quite  satisfactory,  although,  of  course  it  cannot 
be  made  on  the  prime  vertical.  The  preparation  for  the  work  will 
be  the  same  as  already  set  forth;  and,  as  the  observations  are 
presumed  to  be  made  at  precisely  equal  altitudes,  the  mean  of  the 
observed  times  corrected  for  level  error  will  correspond  to  the 
right  ascension  of  the  star. 

It  is  worthy  of  note  that  both  time  and  latitude  may  be  deter- 
mined with  the  zenith  telescope,  by  observation  upon  one  star 
passing  within  a  few  minutes  of  the  zenith,  in  the  following  elegant 
manner.  The  instrument  being  set  to  the  zenith,  turn  it  in  azimuth 
to  the  east,  and  note  the  passage  of  the  star  over  a  wire  rather  low 
in  the  field :  next  turn  to  the  south,  point  the  micrometer  on  it 
about  twenty  seconds  before  the  meridian  passage,  read,  turn  the 
instrument  to  the  north,  and  again  bisect  the  star  about  twenty 
seconds  after  meridian  passage,  and  finally  note  the  passage  over 
the  same  wire  as  before,  as  the  star  descends  to  the  west.  The 
mean  of  the  east  and  west  observation  will  give  the  time  of  the 
star's  meridian  passage ;  while  the  diflTerence  of  the  north  and  south 
observation  will  give  twice  the  zenith  distance  on  the  meridian,  in 
turns  of  the  micrometer.  The  level  may  be  read  in  the  several 
positions,  before  or  after  the  observations  on  the  star. 

We  have  referred  to  the  plan  of  making  the  observation  for 
time  by  measuring  the  difference  of  zenith  distance  in  the  prime 
vertical  with  the  micrometer,  when  using  two  stars  of  unequal 
declination. 

The  general  scheme  would  be  to  correct  the  difference  of  time 
by  means  of  the  measured  difference  of  zenith  distance,  and  thus 
reduce  the  observation  to  the  case  of  equal  altitudes  of  stars  having 
the  same  declination.  But  the  details  of  the  observation,  as  well 
as  of  the  reduction,  would  be  much  more  complicated  than  in  the 
cases  that  we  have  developed ;  and  since  no  lack  of  stars  suitable 
for  those  methods  is  to  be  apprehended,  it  would  not  be  useful  to 
explain  more  fully  the  plan  last  mentioned. 
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The  foregoing  method  has  been  sketched  chiefly  with  the  view 
of  setting  forth  that  the  transportation  and  mounting  of  a  transit 
instrament  may  be  dispensed  with,  when  the  determination  of  the 
time  is  only  required  for  the  purpose  of  reducing  latitude  observa- 
tions made  with  the  zenith  telescope ;  and  those  of  the  azimuth  of 
geodesic  lines,  which  are  usually  combined  with  the  former.  When 
the  latter  only  are  required,  the  theodolite  itself  will  serve  con- 
veniently for  the  determination  of  time,  used  either  as  a  transit,  or 
for  equal  altitudes,  in  the  manner  above  described. 


7.  Thb  Foub  Gbbat  Ebas  of  Modebn  Astbonomy.    By  Jacob 
Ennis,  of  Philadelphia,  Penn. 

A  KifowLEDGE  of  the  four  great  eras  of  Modem  Astronomy  is  of 
practical  value,  to  direct  the  course  of  astronomical  labor.  These 
four  eras  were  made  by  the  discoveries  of  Copernicus,  of  Newton, 
of  Laplace,  and  of  the  present  time. 

Nothing  in  astronomy  can  be  more  plain  than  that  the  discovery 
by  Copernicus  of  the  real  movements  of  the  solar  system  is  a  great 
era,  although  it  did  not  appear  such  to  his  contemporaries,  or  to 
the  next  two  generations.  That  discovery  is  the  very  basis  of  all 
just  ideas  in  astronomy,  the  foundation  of  our  conceptions  of  the 
constitution  of  the  universe. 

It  is  now,  also,  equally  as  plain  that  the  discovery  by  Laplace  of 
the  origin  of  the  movements  of  the  solar  system  is  just  as  great  as 
the  discovery  of  the  movements  themselves.  To  know  how  the 
planets  and  satellites  move  in  their  intricate  and  mazy  orbits  is 
not  more  wonderful  than  to  know  how  those  strange  movements 
and  orbits  received  their  origin.  To  understand  the  constitution 
of  the  solar  system  is  a  grand  achievement  of  the  human  mind,  but 
to  understand  how  that  constitution  came  into  being  is  equally  as 
grand.  Therefore  the  theories  of  Copernicus  and  Laplace  must 
stand  side  by  side,  equal  in  importance,  and  equal  in  their  influence, 
to  direct  all  succeeding  astronomical  investigations. 

The  theory  of  Copernicus,  however,  was  defective:  it  was  a 
noble  beginning,  but  needed  development.    While  it  revealed  the 
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trae  motions  of  the  planets  and  satellites  in  their  orbits,  it  revealed 
no  force  to  retain  them  in  those  orbits.  What  prevented  them 
from  flying  off  far  away  from  those  orbits  by  centrifugal  force,  like 
a  stone  from  a  sling  ?  Here  we  come  to  the  grand  era  of  Newton. 
He  discovered  the  force  which  retdns  the  celestial  bodies  in  their 
orbits,  a  force  pervading  the  infinity  of  space,  and  opening  to  oar 
minds  new  and  truly  sublime  visions  of  the  universe. 

The  theory  of  Laplace  was  defective  in  the  same  manner  as  that 
of  Copernicus.  It  revealed  the  mode  by  which  the  solar  system 
had  been  formed,  but  it  knew  nothing  of  the  force  by  which  that 
method  had  been  carried  on.  It  saw  the  manner  in  which  the 
system  of  movements  of  the  planets  and  satellites  had  been  pro- 
duced, but  it  saw  no  power  by  which  that  system  had  originated. 
Here  we  come  to  the  last  of  the  four  great  eras.  It  is  the  discovery 
of  FoBCB  which  produced  nebular  rotation,  which  arranged  the 
planets  and  satellites  in  their  orbits,  and  which  gave  origin  to  all 
the  sublime  evolutions  and  revolutions  of  the  stars.  It  makes  clear 
the  origin  of  all  the  vast  sidereal  systems,  in  which  an  entire  solar 
system  is  but  an  atom. 

The  four  eras  stand  related  to  one  another  in  this  way.  Copemi- 
cus  discovered  the  true  motions  of  the  stars  in  their  orbits.  Laplace 
discovered  how  these  motions  of  the  stars  might  have  been  pro- 
duced. Newton  discovered  the /orcc  which  now  holds  the  stars  in 
their  orbits.  The  fourth  era  has  discovered  the  force  which,  in 
the  beginning,  put  all  the  stars  in  motion  in  their  orbits. 

All  these  eras,  as  they  have  occurred  at  long  intervals  from  one 
another,  have  each  one  laid  the  foundation  for  new  classes  of  truths, 
and  have  opened  new  and  peculiar  fields  of  discoveries.  Kepler's 
three  laws  were  but  additions  to  the  system  of  Copernicus.  The 
same  system  was  farther  enlarged  by  the  discoveries  of  the  four 
satellites  of  Jupiter,  and  of  the  phases  of  Venus,  by  Galileo.  The 
discoveries  of  Uranus  and  Neptune,  of  the  rings  of  Saturn,  of  the 
numerous  satellites,  of  the  more  numerous  asteroids,  of  comets 
revolving  in  regular  orbits  around  the  sun,  and  of  meteors  which 
seem  to  be  comets  revolving  in  similar  orbits, — all  these  are  sim- 
ply the  filling  up  of  the  outlines  of  Copernicus. 

The  same  is  true  of  the  era  of  Newton.  When  he  had  dis- 
covered that  the  force  of  gravity  held  the  planets  and  satellites  in 
their  orbits,  he  found  that  he  had  opened  a  wide  field  for  the 
discovery  of  a  large  class  of  sunilar  truths.  The  three  laws  of 
Kepler,  the  precession  of  the  equinoxes,  the  irregularities  in  the 
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motions  of  the  moon,  and  various  planetary  phenomena,  he  found 
to  be  merely  the  consequences  of  the  force  of  gravity.  These  inter- 
stellar influences  of  gravity,  nobly  pursued  by  Newton,  have  been 
further  followed  out  by  Euler,  Blot,  Delambre,  Lagrange,  Laplace, 
Leverrier,  Adams,  Hansten,  Dulaunay,  and  others.  All  these,  by 
studying  merely  the  influence  of  gravity,  have  accumulated  a  noble 
fabric  of  truth,  culminating  in  the  discovery  of  Neptune,  and  in 
unravelling  the  strange  vagaries  of  the  lunar  theory.  But  the 
greatest  of  all  the  services  performed  by  the  study  of  the  influences 
of  gravity,  as  the  centripetal  force,  is  the  absolute  proof  which  that 
study  aflbrds  of  the  truth  of  the  Copemican  theory. 

The  era  of  Laplace,  formed  by  his  nebular  theory,  has,  like  those 
of  Copernicus  and  Newton,  opened  a  wide  field  of  discoveries,  a 
field  peculiarly  its  own.  Here  we  learn  how  the  stars  have  been 
created,  and  how  they  have  been  arranged  in  solar  and  sidereal  sys- 
tems. It  has  often  been  repeated,  even  by  a  fi*equent  writer  on 
the  nebular  theory,  that  he  founded  his  theory  on  the  discoveries 
of  the  elder  Herschel  among  the  nebulae.  Herschel  believed  that 
some  insoluble  nebulae  were  great  gaseous  bodies  condensing  into 
stars.  But  the  idea  of  the  formation  of  stars  from  the  condensa- 
tion of  diflused  nebulous  matter  seems  to  be  as  old  as  astronomy 
itself.  It  was  held  by  Kant,  it  was  discussed  by  Newton  and 
others  in  his  day,  and  it  was  a  favorite  theme  of  Lucretius,  and 
other  ancient  Greeks  and  Romans.  But  the  peculiarity  of  the 
theory  of  Laplace  is  the  formation  of  planets  and  satellites  moving 
in  their  intricate  orbits  around  the  sun.  No  one,  before  Laplace, 
had  speculated  on  the  origin  of  the  peculiarities  of  the  solar  system^ 
except  Bufibn ;  and  his  speculations  were  fitr  diflerent,  and  plainly 
untenable.  To  Laplace,  therefore,  alone  belongs  the  great  merit  of 
forming  the  nebular  theory.  But  as  it  came  from  his  hands  it 
aspired  to  nothing  further  than  simply  to  account  for  the  great  and 
leading  peculiarities  of  our  own  solar  system.  He  pointed  out  the 
origin  of  the  planets  and  the  satellites,  and  the  mode  in  which  they 
had  received  their  motions ;  but  he  said  nothing  of  the  origin  of 
the  sun,  or  the  fixed  stars,  or  the  comets,  or  the  force  which  ar- 
ranged all  solar  and  all  sidereal  systems,  and  gave  all  the  heavens 
and  the  earth  their  motions.  The  history  of  the  nebular  theory 
shows  that  it  has  gone  through  three  very  diflerent  stages  of 
growth,  preserving  meanwhile  its  first  fundamental  principles. 
These  stages  were  as  follows:  — 

The  first  stage  was  that  delineated  by  Laplace.    He  assumed 
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the  existence  of  all  the  fixed  stars,  and  of  the  sun  rotating  on  his 
axis  just  as  now.  Then  a  time  arrived  when,  from  some  extraordi- 
nary but  unknown  cause,  the  heat  and  light  of  the  sun  were  in- 
creased, like  the  temporary  star  of  1572,  which  suddenly  appeared 
and  blazed  up  with  unwonted  effulgence.  By  this  increased  heat 
the  atmosphere  of  the  sun  was  expanded  to  beyond  the  orbit  of 
the  farthest  planet.  Comets  of  short  periods,  Laplace  believed,  had 
previously  revolved  around  the  sun,  as  well  as  those  of  long  periods ; 
but  by  this  enlargement  of  the  solar  atmosphere  all  the  comets  of 
short  periods  had  been  absorbed,  as  well  as  those  of  long  periods 
which  came  at  that  time  within  the  enlarged  solar  atmosphere.  As 
the  extraordinary  fires  of  the  sun  died  out,  like  the  star  of  1572,  the 
solar  atmosphere  then  contracted ;  and,  as  it  preserved  all  the  while 
the  original  rotation  of  the  sun,  it  abandoned,  by  centrifugal  force, 
equatorial  rings,  which  broke,  subsided  into  nebular  planets,  which, 
by  cooling  and  condensing  and  rotating,  in  like  manner  abandoned 
other  rings.  These  latter  rings  broke,  and  formed  nebular  satellites ; 
all  these  nebular  bodies  ultimately  condensing  into  solid  stars.  The 
rings  of  Saturn  he  regarded  as  formed  by  the  same  process,  but, 
from  some  cause  unknown  to  him,  they  remain  unbroken.  It  is 
proper  here  to  mention  the  wonderful  sagacity  of  Laplace  in  fore- 
seeing the  existence  of  comets  of  short  periods  long  before  their 
actual  discovery,  and  for  which,  until  to-day,  he  has  not  received  a 
word  of  credit.  This  acknowledgment,  therefore,  is  so  much  the 
more  appropriate  now.  His  foresight  arose,  doubtless,  in  this  in- 
stance at  least,  from  his  familiarity  in  applying  the  doctrine  of 
probabilities.  His  mistake  was  in  supposing  all  the  comets  of 
short  periods  to  have  been  destroyed  by  the  enlarged  solar  atmos- 
phere. 

The  second  stage  of  the  nebular  theory  went  back  to  a  period 
anterior  to  that  contemplated  by  Laplace.  It  attempted  to  account 
for  the  condensation  of  the  sun  and  the  fixed  stars  from  a  former 
nebulous  state.  It  began  with  large,  round,  nebulous  bodies,  vastly 
expanded  by  heat.  "  Fire  mist "  was  the  term  often  used  to  express 
their  condition.  Some  writers,  as  Helmholtz,  assumed  these  bodies 
as  already  in  a  state  of  rotation.  Others,  as  Nichol  and  Trowbridge, 
and  the  author  of  the  "  Vestiges  of  Creation,"  sought  to  find  con- 
ditions causing  rotation  in  their  cooling  and  contraction,  and  in 
the  meeting  of  their  materials  at  the  centre.  These  several  nebulous 
globes,  by  condensation,  were  regarded  as  foiming  fixed  stars,  and 
solar  and  Bidci*eal  systems. 
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There  were  conspicaous  difficulties  in  the  nebular  theory,  in  both 
the  first  and  second  stages  of  its  progress.  Laplace  did  not  at- 
tempt to  account  for  the  rotation  of  the  sun  with  its  expanded 
atmosphere  from  which  the  planets  were  derived,  and  hence  he 
did  not  pretend  to  a  knowledge  of  the  force  which  originally  gave 
motion  to  the  planets  and  satellites.  In  the  second  stage  of  the 
nebular  theory,  the  first  great  difficulty  was  to  find  an  adequate 
cause  for  the  rotation  of  the  nebulous  globes.  The  second  diffi- 
culty was  to  calculate  from  time  to  time  the  velocity  of  nebular 
rotation,  and  to  learn  whether  that  velocity  coincided  with  the 
velocities  of  the  several  planets  and  satellites.  The  third  difficulty 
was  to  show  that  nebular  rotation  could  become  so  rapid  that  the 
centrifugal  force  should  equal  the  centripetal  force,  and  thus  aban- 
don equatorial  nebulous  rings.  None  of  these  difficulties  were 
overcome  by  Laplace  and  his  followers,  under  either  the  first  or 
second  stages  of  nebular  progress.  Still  another  difficulty  was  the 
intense  fiery  condition  of  the  round,  nebulous  bodies.  That  could 
not  have  been  a  permanent  condition;  because,  from  what  we 
know  of  the  extreme  coldness  of  the  general  regions  of  space,  the 
heat  must  speedily  have  radiated  away.  Immediately  anterior  to 
this  point  of  time  when  contraction  and  rotation  were  to  begin, 
there  must  have  been  in  operation  some  great  and  extraordinary 
cause  producing  all  this  heat ;  and  such  a  cause,  so  far  from  being 
probable,  cannot  even  be  conceived. 

Still,  notwithstanding  all  these  difficulties,  arising  chiefly  from 
the  want  of  mathematical  proof,  Laplace,  in  forming  his  nebular 
theory,  achieved  one  of  the  grandest  of  all  sublime  conceptions. 
He  showed  how  that  theory  coincided  with  the  great  leading 
features  of  the  solar  system :  the  orbits  of  the  planets  nearly  cir- 
cular, their  positions  nearly  in  the  plane  of  the  sun's  equator,  their 
revolutions  from  west  to  east  like  the  rotation  of  the  sun,  the  cor- 
responding relations  of  the  satellites  to  the  planets,  the  preserva- 
tion unbroken  of  some  of  the  rings  of  Saturn,  and  the  rotations  of 
the  sun,  the  planets,  the  satellites  and  the  rings  of  Saturn  in  the 
same  direction.  The  doctrine  of  probabilities  demonstrated  that 
so  many  movements  in  the  same  direction  must  have  arisen  from  a 
common  cause,  and  his  theory  pointed  to  a  common  cause.  These 
coincidences  between  the  facts  of  the  solar  system,  and  his  sublime 
theory  of  the  origination  of  that  system,  have  always  been  strong 
proofs  in  its  favor. 

But  the  progress  of  the  development  of  this  theory,  from  the 
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time  of  its  publication  in  1796,  daring  seventy  years,  to  1866,  was 

exceedingly  slow.    A  distinguished  writer  on  the  nebular  theory 

lately  remarked  that  ^^  very  little  had  been  accomplished  since  the 

time  of  Laplace  tending  either  to  invalidate  or  to  confirm  it." 

Still  its  development  was  not  so  slow  as  that  of  the  Copernican 

theory  daring  its  first  seventy  years,  and  not  slower  than  the 

Newtonian  theory  during  an  equal  period.    But  not  much  progress  , 

in  the  development  of  the  nebular  theory  could  be  expected  when 

the  very  force  which  caused  the  nebular  rotation  was  unknown. 

Consequently  it  was  then  impossible  to  give  mathematical  proof 

that  the  velocity  of  nebular  rotation  could  equal  that  of  the  planets 

in  tbeir  orbits,  or  could  be  rapid  enough  to  abandon  by  centrifugal 

force  nebulous  rings  from  the  equatorial  zone.    In  order  to  go  on 

with  its  developments,  evidently  the  nebular  theory  was  awaiting 

the  discovery  of  the  force  which  caused  all  its  motions. 

We  come  now  to  the  fourth  era  in  modem  astronomy,  —  the 
discovery  of  the  force  which  imparted  all  their  motions  to  all  the 
stars.  These  motions  of  the  stars  were  received  in  their  nebulous 
condition,  and  therefore  we  must  study  the  nebular  theory  to  find 
out  the  cause  of  nebular  and  stellar  motions. 

The  sublimest  of  all  contemplations  about  our  earth  is  its  rapid 
flight.  To  think  that  we  live  on  a  rotating  ball  nearly  8,000  miles  in 
diameter  is  grand  enough ;  but  how  much  more  grand  to  think  of 
this  rotating  ball  fiying  onward  a  thousand  miles  every  minute ! 
Its  myriads  of  inhabitants,  from  insects  up  to  men,  quiet  and  un- 
disturbed, feel  not  the  change.  Some  of  the  beautiful  stars  in  the 
clear  blue  sky  move  three  times  more  rapidly.  All  of  them  have 
compound  motions,  two,  three,  and  four  motions  combined.  The 
sun  has  two  motions,  the  planets  three,  and  the  satellites  four. 
The  latter  have  a  rotation  on  their  axis,  a  revolution  around  the 
planets,  a  revolution  around  the  sun,  and  a  revolution  around  the 
centre  of  the  sun's  orbit.  How  did  the  Creator  impart  so  many 
swift  and  mazy  movements?  What  was  the  instrument  in  His 
hand  ?  That  great  instrument  was  the  simple  force  of  gravity,  — 
the  force  which  lifls  the  vapor  of  the  ocean  in  the  air,  and  brings  it 
down  as  gentle  rain  on  the  meadows.  In  view  of  the  origin  of  all 
these  stellar  motions,  the  heavens  declare  the  glory  of  God,  and 
the  firmament  His  handiwork. 

The  mode  in  which  gravity  was  discovered  to  have  originally 
imparted  all  their  motions  to  all  the  stars  was  through  the  third 
and  last  stage  of  the  nebular  theory  now  to  be  described.    The 
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first  Stage,  I  hare  said,  began  with  the  son  rotating  on  its  axis  as 
in  our  day,  and  afterwards  its  atmosphere  was  enlarged  to  beyond 
the  orbit  of  the  farthest  planet.  The  second  stage  began  with 
large,  fiery,  nebulous  globes,  which' by  cooling  condensed  into 
stars.  The  third  and  last  stage  began  with  all  matter  nearly 
evenly  diffused  through  all  space.  This  diffusion  was  not  caused 
by  heat,  but  it  was  simply  the  normal  condition  of  matter  in  a 
gaseous  form.  Its  contraction  and  ultimate  condensation  and 
fiery  condition  were  the  results  of  chemical  action,  the  same  as 
oxygen  and  hydrogen  unite  and  condense,  with  evolution  of  heat, 
into  water,  occupying  nearly  2,000  times  less  space.  The  first  effect 
of  contraction  was  the  breaking  up  of  the  nearly  even  diffusion 
of  matter  into  separate  huge  nebulous  clouds,  irregular  in  shape, 
different  in  size,  and  at  unequal  distances  apart.  Then  by  the 
inter-action  through  gravity  of  these  nebulous  masses  on  one  an- 
other, by  the  process  of  becoming  round,  and  by  their  falling  into 
one  another  obliquely  and  not  in  the  direction  of  each  other's 
centres  of  gravity,  rotation  must  inevitably  ensue.  In  these  con- 
tracting globes,  rotation,  having  once  begun,  must  be  increased  by 
gravity;  and,  in  nearly  all  cases,  the  velocity  of  rotation  must  be- 
come such  that  nebulous  rings  must  be  parted  from  the  equatorial 
zone.  These  rings,  revolving  with  great  velocities,  break  and  con- 
dense into  stars  endowed  with  the  very  same  velocities  ! 

It  is  plain  that  this  third  stage  of  the  nebular  theory  was  neces- 
sary to  discover  the  force  which  caused  nebular  rotation,  and 
consequently  all  stellar  motion.  The  fiery,  nebulous  globes,  which 
begin  the  second  stage  of  the  nebular  theory,  had  no  way  to 
originate  rotation.  They  were  regarded  as  independent,  and  desti- 
tute of  intep-action  through  gravity.  Hence  such  writers  as  Helm- 
holtz  assumed  them  as  already  rotating,  without  reference  to  any 
rotating  cause.  The  third  stage  shows  clearly  how  rotation  must 
originate  and  gradually  increase.  It  begins  with  a  normal  con- 
dition of  matter,  a  gaseous  diffusion.  It  assumes  a  normal  cause 
for  contraction,  chemical  combination.  The  breaking  up  of  the 
contracting  gases  into  clouds  is  another  normal  state ;  and  these 
clouds  we  are  bound  to  suppose  similar  to  clouds  in  our  own  day, 
different  in  size,  irregular  in  shape,  and  at  unsymmetrical  distances 
firom  one  another.  Gravity  must  cause  these  clouds  to  fall  into 
one  another  until  their  distances  apart  become  so  vast  as  to  be 
beyond  each  other's  infiuence.  In  coming  together,  no  two  could 
strike  in  the  direction  of  each  other's  centres,  because  they  would 
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be  under  the  influence,  through  gi*avity,  of  other  neighboring 
nebulaB.  Hence  they  must  strike  each  other  obliquely,  and  there- 
fore the  resulting  mass  must  rotate.  Moreover,  all  clouds  have 
iiTegular  projections ;  and  these  also,  for  the  same  reason,  in  falling 
towards  the  centre,  must  fell  obliquely,  and  produce  lateral  surface 
currents.  These  lateral  currents,  by  the  composition  of  forces, 
must  coalesce  into  one  current  around  the  new-bom  globe,  and 
thus  form  a  surface  rotation.  This  surface  rotation  must  be  retarded 
by  friction  on  the  unrotating  or  slowly  rotating  interior ;  and  this 
fact  of  retardation  accounts  for  many  of  the  most  important  astro- 
nomical phenomena.  Therefore,  in  this  third  stage  of  the  nebular 
theory,  we  discover  the  force  which  gave  origin,  first  to  all  nebular 
rotation,  and  then,  as  a  consequence,  to  all  stellar  motions.  It  is 
the  same  force  which  arranged  and  moulded  all  sidereal  and  solar 
systems.  Here  we  unlock  the  mystery  of  the  mazy  dance  of 
planets  and  satellites,  which  have  three  and  even  four  motions  at 
the  very  same  instant. 

This  discovery  of  the  projectile  force  in  astronomy,  like  the  dis- 
covery of  the  centripetal  force  by  Newton,  leads  to  many  other 
discoveries.  The  greatest  of  all  the  services  performed  by  the 
discovery  of  gravity  as  the  centripetal  force  was  the  absolute  proof 
it  affords  of  the  truth  of  the  Copemican  theory.  In  like  manner, 
the  greatest  of  all  the  services  performed  by  the  discovery  of 
gravity  as  the  centrifugal  or  projectile  force  is  the  absolute  proof 
it  affords  of  the  truth  of  the  nebular  theory. 

We  glanced  briefly  at  the  new  fields  of  research  opened  by  each 
of  the  three  former  eras  in  modern  astronomy,  and  we  may  now 
take  a  rapid  survey  of  the  new  and  peculiar  field  of  discovery 
opened  by  the  fourth. 

1.  When  it  was  discovered  that  gravity  is  the  force  which  put 
the  stars  in  motion,  the  fact  became  evident  that  both  the  centrip- 
etal and  centrifugal  forces,  although  opposite  in  their  directions, 
are  one  and  the  same  in  their  origin.  Faraday  has  observed,  with 
all  the  simplicity  and  directness  which  characterize  great  genius, 
that  inertia  is  always  a  pure  case  of  the  conservation  of  force. 
The  centrifugal  force  is  the  force  of  inertia.  It  arises  firom  a 
planet's  velocity ;  and  the  greater  its  velocity,  the  greater  its  force 
of  inertia.  As  this  velocity  is  caused  by  gravity,  therefore  inertia 
or  the  centrifugal  force  is  merely  gravity  conserved.  By  this 
conservation  the  force  of  gravity  is  made  to  act  antagonistic  to 
itself. 
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2.  Gravity  was  then  seen  to  have  been  the  only  force  which 
originally  gave  all  their  peculiar  arrangements  to  all  stellar  systems, 
whether  they  be  sidereal,  solar,  or  planetary.  It  determined  not 
only  the  velocities  of  the  celestial  bodies,  but  the  directions  of 
their  movements,  the  sizes  and  positions  of  their  orbits,  and  even 
their  separate  existences.  The  direction  in  which  any  nebula 
rotated  was  determined  through  gravity  by  the  direction  in  which 
one  nebula  fell  into  another,  or  in  which  the  projecting  arms  of  a 
nebula  were  brought  down  to  the  level  of  rotundity.  The  direc- 
tion of  rotation  of  the  nebula  determined  the  planes  of  the  orbits 
of  the  planets  and  satellites,  and  the  direction  of  their  revolutions 
and  rotations.  And  gravity,  by  its  conversion  into  the  centrifugal 
force,  separated  equatorial  rings,  broke  those  rings,  and  moulded 
them  into  round  rotating  bodies.  But  as  gravity  is  one  and  the 
same,  the  question  arises.  How  could  it  produce  the  infinite  variety 
of  stellar  systems,  no  two  being  alike,  as  no  two  trees  of  the  forest 
are  alike?  This  diversity  it  produces  by  acting  on  an  infinite 
diversity  of  nebulous  clouds,  no  two  being  alike,  as  no  two  clouds 
in  our  atmosphere  are  now  alike.  The  entire  work  of  the  creation 
of  suns,  and  of  the  many  systems  of  stars,  was  thus  found  to  have 
been  wonderfully  simple.  It  was  the  action  of  gravity  on  slowly 
contracting  nebulsB,  whatever  the  cause  .of  that  contraction  may 
have  been.  Following  out  this  one  mighty  creative  force  in  its 
manifold  operations,  the  following  additional  discoveries  have  been 
made. 

3.  The  reason  why  Neptune,  Utanus,  Saturn,  and  Jupiter,  the 
four  outer  planets,  have  all  the  satellites  but  one ;  and  why  of  the 
four  inner  planets.  Mars,  Earth,  Venus,  and  Mercury,  the  Earth 
alone  has  a  satellite. 

4.  The  reason  why  Saturn  parted  so  many  more  equatorial  rings 
than  the  other  planets,  eleven  in  all,  while  Jupiter  parted  only 
four ;  the  reason  why  Saturn's  outer  ring  was  so  distant,  more  than 
2,300,000  miles,  while  that  of  Jupiter  was  less  than  1,200,000 ;  and 
the  reason  why  Saturn's  inner  ring  is  so  near  his  surface,  only 
about  12,000  miles,  while  that  of  Jupiter  is  more  than  220,000  miles 
from  his  surface. 

5.  All  nebulae,  solar  and  planetary,  rotated  with  constantly  i/i- 
creaMng  velocities.  Hence  each  planet  and  satellite  has  a  greater 
velocity  than  its  next  outer  neighbor.  But,  afler  the  parting  of 
the  last  equatorial  ring,  then  the  sun  and  also  the  planets  began  to 
rotate  with  decreasing  velocities.    Therefore  the  equatorial  velocity 
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of  the  san  is  now  less  than  the  orbital  velocities  of  the  planets,  and 
the  equatorial  velocities  of  the  planets  are  less  than  the  orbital 
velocities  of  the  inner  satellites.  The  cause  of  this  is  found  to  be 
the  principle  of  retardation. 

6.  The  reason  why  retardation  was  so  much  greater  in  the  nebu- 
lous sun  than  in  the  nebulous  planets. 

7.  The  reason  why  each  planet  and  satellite  was  produced  at  a 
less  inter-planetary  or  loss  inter-satellite  distance  than  its  next 
outer  neighbor ;  and  the  reason  why  the  last  planet  Mercury,  in 
the  solar  system,  and  the  last  satellites  Mimas  and  Ariel,  in  the 
planetary  systems  of  Saturn  and  Uranus,  are  exceptions. 

8.  The  reason  why  there  is  no  planet  interior  to  Mercury. 

9.  The  reason  why  the  inter-planetary  spaces,  from  25,000,000 
miles  to  1,000,000,000  miles,  are  so  much  wider  than  the  inter- 
satellite  spaces,  which  are  from  35,000  to  1,000,000  miles. 

10.  The  reason  why  the  sun  ceased  producing  equatorial  rings 
so  far  from  his  present  surface,  35,000,000  miles,  while  the  planets 
continued  to  produce  rings,  until  within  the  following  much 
shorter  distances,  —  234,000,  224,000,  200,000,  104,000,  and  12,000 
miles. 

11.  The  reason  why  the  orbits  of  the  planets  and  satellites  are 
elliptical. 

12.  The  reason  why  the  orbital  planes  of  the  planets  are  not  in 
the  equatorial  plane  of  the  sun ;  why  the  orbital  planes  of  the 
satellites  are  not  in  the  equatorial  planes  of  the  planets ;  why  the 
axes  of  the  planets  and  satellites  are  not  perpendicular  to  their 
orbital  planes ;  and  why  the  rotations  of  Uranus,  and  possibly  that 
of  Neptune,  are  retrograde. 

13.  The  reason  why  the  planets  and  satellites  rotate  from  west 
to  east.  This  was  supposed  by  Laplace  to  arise  from  the  fact  that, 
when  they  were  nebulous  rings,  their  sides  exterior  to  the  sim 
moved  more  rapidly  than  their  interior  sides.  Afterwards  it  was 
objected  that  their  exterior  sides,  being  more  distant  from  the  sun, 
must  move  more  slowly,  the  same  as  a  distant  planet  moves  more 
slowly  than  one  more  near,  and  hence  that  their  rotations  should 
be  in  the  opposite  direction.  But  when  it  was  discovered  that 
rotation  began,  and  continued  at  a  more  rapid  rate  on  the  exterior 
of  the  nebulae,  and  that  the  equatorial  rings  were  comparatively 
thin,  it  became  evident  that  the  exterior  of  the  rings  must  have 
had  a  more  rapid  motion,  and  hence  that  every  nebulous  body 
must  begin  to  rotate  in  the  same  direction  as  it  revolves. 
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14.  The  reason  why  the  three  inner  rings  of  Saturn  remain  nn- 
broken.  This  has  occarred  because  they  are  so  near  the  body  of 
Saturn,  the  nearest  being  only  about  12,000  miles  distant,  nearer 
by  far  than  any  other  interstellar  space.  They  are  therefore  held 
in  the  embrace  of  powerful  centripetal  and  centrifugal  forces,  as  in 
a  mighty  vice.  Perturbations  have  broken  the  continuity  of  all 
other  rings,  and  perturbations  from  Saturn's  outer  satellites  tend 
to  break  these.  But  as  a  top,  when  spinning  with  great  velocity, 
cannot  easily  be  thrown  down,  so  Saturn's  inner  rings,  being  very 
near  his  surface,  and  spinning  with  extraordinary  velocity  within  a 
very  narrow  compass,  cannot  easily  be  broken  by  perturbations 
from  without.  I  am  aware  that  the  continuity  of  these  rings 
has  been  attributed  to  the  perturbations  of  Saturn's  moons ;  but 
here,  as  in  all  other  similar  cases,  such  perturbation  must  have 
the  opposite  effect. 

15.  The  ring  of  the  asteroids  also  receives  an  easy  explanation. 
When  a  nebula  has  reached  a  velocity  sufficient  to  abandon  an 
equatorial  ring,  we  can  see  only  one  cause  why  rings  should  cease 
to  be  abandoned  continuously,  one  after  another,  without  wide  in- 
tervals between  thenu  That  cause  is  the  varying  densities  of  the 
outer  nebulous  strata.  Each  stratum  of  the  same  density  must  tend 
to  separate  by  itself  alone.  But  through  the  entire  space  of  the 
asteroid  belt,  when  our  solar  nebula  was  contracting  through  a 
radial  distance  of  a  hundred  and  nineteen  millions  of  miles, — a 
much  farther  distance  than  from  our  earth  to  the  sun,  —  the  outer 
strata  were  nearly  of  the  same  density;  and  hence,  through  that 
long  distance  of  contraction,  the  matter  on  the  equatorial  zone  was 
abandoned,  not  at  wide  intervals  and  in  large  masses,  but  continu- 
ously, and  in  small  quantities.  Hence  the  rings,  being  very  thin, 
broke  up  into  many  small  portions,  which  condensed  into  small 
asteroids  and  smaller  meteorites. 

The  most  remarkable  fact  in  the  constitution  of  the  asteroid  ring 
is  this :  through  its  outer,  and  therefore  its  first,  space  of  65,500,000 
miles,  there  have  yet  been  found  only  twenty-eight  asteroids,  nearly 
equally  distributed.  But  through  its  inner,  and  therefore  its 
later,  space  of  53,500,000  miles,  there  have  been  found  seventy- 
seven  asteroids.  Thus,  in  the  inner  and  narrower  space,  there  are 
about  three  times  as  many  asteroids  as  in  the  outer  and  wider 
space. 

There  were  also  some  minor  irregularities  in  abandoning  asteroid 
matter,  sometimes  more  and  sometimes  less,  as  was  to  be  antid- 
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pated  from  the  prevalence  of  irregularities  through  all  departments 
of  creation,  even  among  the  leaves  of  the  trees.  But  these  irregu- 
larities are  scarcely  worthy  of  notice.  Still  these  minor  differences 
of  inter-asteroid  spaces  have  been  attempted  to  be  accounted  for 
by  perturbations  from  the  larger  planets.  But  the  lengths  of  the 
major  axes  of  planetary  orbits  are  not  altered  by  their  mutual 
perturbations.  And  no  such  cause  has  ever  been  shown  to  be 
adequate  to  alter  the  lengths  of  the  major  axes  of  asteroid  orbits. 
If  an  asteroid  at  a  nearer  distance  were  transferred  to  a  farther 
distance  from  the  sun,  its  mean  velocity  must  be  diminished  to 
correspond  with  its  enlarged  orbit.  But  no  such  diminution  of 
mean  velocity  has  ever  been  shown  to  be  possible  by  mere  pertur- 
bation from  a  distant  planet.  It  must  also  be  added  that  these 
inter-asteroid  spaces,  a  little  wider  than  the  others,  are  being  nar- 
rowed and  filled  by  the  discoveries  of  additional  asteroids  revolving 
therein. 

It  is  an  important  fact  in  studying  the  origin  of  the  asteroids, 
that  they  were  produced  between  the  formation  of  two  very 
different  classes  of  planets.  The  four  outer  are  large,  rare,  rapid 
in  their  rotations,  and  at  wide  distances  apart.  The  four  inner 
are  small,  dense,  slow  in  their  rotations,  and  near  together.  The 
very  different  natures  of  these  two  classes  of  planets  are  ftirther 
seen  by  their  diameters  when  in  a  nebulous  condition.  In  "  The 
Origin  of  the  Stars,"  I  have  given  reasons  for  calculating  their 
densities  while  in  their  nebulous  condition,  as  being  about  fifteen 
times  less  dense  than  the  mean  density  of  our  nebulous  sun  when 
expanded  to  their  several  orbits.  At  that  rate  their  diameters  in 
miles  were  as  follows :  — 

Diameter  in  Sftles. 
Mercury     ....       974,400 

Venus 4,428,000 

Earth 6,898,000 

Mars 4,964,000 

But  the  contrast  in  their  diameters  is  not  more  wonderful  than 
the  contrast  in  their  nebulous  densities.  Compared  with  hydro- 
gen, their  densities  were  as  follows :  — 


Diameter  In  Milei. 

Jupiter    .    . 

.    .    281,200,000 

Saturn    .    . 

.    .    284,600,000 

Uranus   .    . 

.    .    296,400,000 

Neptune  .    . 

.    .    504,800,000 

How  manj  times  more 
rare  than  Hjdrogen. 

Mercury 460 

Venus 2,986 

Earth 7,760 

Mars 27,410 


How  many  timee  more 
rare  tluua  Hydrogen. 

Jupiter 1,092,000 

Saturn 6,782,000 

Uranus 54,740,000 

Neptune     .    .    .     210,600,000 
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Both  in  their  present  condition,  and  in  their  early  nebulous  con- 
dition, the  difference  between  these  two  sets  of  planets  is  a  great 
fact  in  astronomy  which  has  important  bearings  on  other  new 
truths,  as  I  shall  attempt  to  show  in  my  paper  on  the  Meteors. 
And  it  was  in  this  transition  period  of  our  solar  nebula,  between 
the  production  of  these  two  different  classes  of  bodies,  that  the 
rings  forming  the  asteroids  were  abandoned, — rings  vastly  different 
from  any  others,  whether  abandoned  before  or  since.  The  question 
must  hereafter  be  discussed.  What  were  the  conditions  of  our  solar 
nebula  which  caused  the  abandonment  of  such  different  planetary 
and  planetoid  rings  ? 

16.  The  ring  of  the  Milky  Way  also  is  divested  of  its  mystery 
by  the  discovery  of  the  force  which  produced  all  nebular  action. 
The  same  mystery  is  unveiled  by  the  same  means  from  the  similar 
nebulae,  which  are  but  the  milky  ways  of  other  sidereal  systems. 
The  action  of  the  same  formative  force  shows  how  the  peculiar 
sidereal  systems  called  planetary  nebulsB,  elliptical  nebulae,  nebulous 
stars,  and  double  nebulae,  were  produced.  These  explanations 
have  been  given  in  ^'The  Origin  of  the  Stars,"  and  in  my  two 
papers  published  in  these  ^Proceedings''  of  last  year;  but  ad- 
ditional light  may  be  shed  on  all  sidereal  systems,  without  a  central 
sun,  in  the  following  manner :  — 

(a.)  It  has  been  clearly  shown  that  the  velocity  of  rotation,  in 
any  nebula  not  retarded  by  an  unrotating  interior,  will  be  equal  to 
the  velocity  of  a  fall  towards  the  centre  of  the  pebula  through  its 
radial  distance  of  contraction.  By  radial  distance  of  contraction, 
I  mean  half  the  distance  of  contraction  through  the  diameter  of 
the  nebulous  sphere. 

(b.)  When  our  solar  nebula  was  expanded  to  less  than  half  the 
distance  of  the  nearest  fixed  star,  say  3,500  times  the  distance  of 
Neptune,  then  much  less  than  the  7ir,vvv,)Fvv,vTrv  of  the  entire  mass 
was  within  the  present  orbit  of  Neptune. 

(c.)  If  at  that  period,  as  I  have  already  pointed  out,  the 
entire  nebula  had  rotated  ever  so  slowly, — the  interior  and 
the  exterior  with  the  same  angular  velocity, —  then  the  particles 
of  the  present  orbit  of  Neptune  would  have  obtained,  on  arriv- 
ing by  condensation  at  the  orbit  of  Mercury,  a  velocity  of  rota- 
tion around  the  centra  of  the  nebula  great  enough  to  balance 
their  centripetal  and  centrifugal  forces.  This  appears  by  the 
following:  — 

(d.)  It  has  be^i^  proved  in  ^  The  Origin  of  the  Stars  "  that  the 
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mean  velocity  of  any  planet  in  its  orbit  is  to  the  velocity  of  a  fall 
from  infinite  space  to  the  same  orbit 

As    1 :  ^2  or  as  1 : 1.41 
Therefore    1  :  1.41  : :  110,000,  yelodtj  of  Mercaiy  :  164,100 
And  1  :  1.41  : :    12,600,       „       „  Neptune  :    17,626 

Difference  .    .    .    186,476 

Hence  the  velocity  acquired  by  a  fall  in  oar  solar  system  from  the 
orbit  of  Neptune  to  that  of  Mercury  is  136,475  miles  per  hour,  a 
velocity  greater  than  the  orbital  velocity  of  Mercury ;  and,  in  rota^- 
tion  around  the  centre  of  the  nebula,  more  than  enough  to  balance 
the  centripetal  force. 

(6.)  But,  with  so  small  a  portion  of  the  solar  nebula  within  the 
orbit  of  Neptune,  the  particles  at  that  orbit,  while  condensing 
toward  the  orbit  of  Mercury,  would  not  have  attained  the  great 
velocity  of  Mercury.  On  the  contrary,  the  force  of  gravity  toward 
the  centre  would  have  been  extremely  feeble,  and  the  motion  of 
rotation  of  the  particles  would  have  been  slow,  and  their  centrifugal 
force  would  have  been  weak.  Still  this  feebleness  of  both  the 
centripetal  and  centrifugal  forces  would  not  have  altered  their  re- 
lations; and  therefore  the  equipoise  between  them  would  have 
occurred  at  the  same  distance  from  the  centre  as  if  they  were  more 
powerful. 

(/.)  Therefore  all  the  solar  nebula,  except  a  portion  much  less 
than  the  7v,D^nr,^irv,innr  ^^  ^^^  whole,  would  have  been  prevented 
by  centrifugal  force  from  condensing  at  the  centre.  And  our  solar 
system  would  have  had  no  central  body.  Our  solar  nebula  would 
have  separated  into  rings,  these  rings  would  have  condensed  into 
stars,  and  these  stars  would  have  revolved  around  their  common 
centre  of  gravity,  which  centre  would  have  been  empty  space. 
Our  solar  system  would  then  have  resembled  the  many  clusters  of 
stars  without  a  central  sun,  such  as  the  Pleiades,  Coma  Berenicis, 
Prssipe,  Kappa  Crucis,  and  others.  In  this  same  feature  it  would 
have  been  like  the  vast  majority  of  sidereal  systems.  And,  in  my 
paper  of  last  year,  I  pointed  out  the  reasons  why  sidereal  systems 
generally — such  as  the  annular,  the  planetary,  the  elliptical,  and 
the  double  nebulie  —  have  no  central  sun.  I  also  showed  why  the 
systems  of  stars  within  the  ring  of  the  Milky  Way,  such  as  our 
solar  system,  very  generally  have  central  suns. 

(g.)  As  the  great  mass  of  our  solar  nebula  did  not  fly  off  in 
equipoise   between    the   oentrifogal  and   centripetal  forces,  but 
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settled  in  radial  lines  toward  the  centre,  we  may  be  absolutely 
certain  that  its  rotation  originally  began  on  the  surface  only ;  that 
at  a  much  later  period  the  interior  began  to  rotate  solely  by 
the  friction  of  the  rotating  exterior ;  and  that  this  latter  period 
was  long  after  our  solar  nebula  had  contracted  far  within  the 
present  known  limits  of  the  solar  system.  By  mathematical  calcu- 
lations, founded  on  the  very  small  proportion  of  the  matter  which 
has  been  abandoned  to  form  planets  and  satellites,  the  size  of  our 
solar  nebula  when  its  interior  began  to  rotate  may  be  ascertained 
approximately.  But  the  labor  of  this  calculation  has  not  yet  been 
undertaken. 

17.  As  in  the  planetary  nebulous  spheres,  and  also  in  our  solar 
nebula,  the  abandoned  rings  were  not  so  far  apart  but  that  the 
resulting  satellites  and  planets  were  powerfully  under  one  another's 
influence  through  gravity,  so  in  our  sidereal  system  we  are  led  to 
believe  that  the  rings  and  their  resulting  suns  are  also  bound  to- 
gether by  gravity.  This  is  the  obvious  and  natural  teaching  of  the 
fourth  era  in  modem  astronomy.  Accordingly  I  found  by  calcu- 
lation that  the  force  exerted  by  our  sun,  through  gravity,  on  Alpha 
Centauri,  is  such  that,  to  avoid  falling  into  our  sun,  that  star  must 
move  at  right  angles  to  his  present  direction  at  the  rate  of  145 
miles  per  hour.  The  light  of  Alpha  Centauri  is  estimated  to  be 
3.30  times  greater  than  our  sun's ;  and  if  his  mass  is  in  proportion, 
then  the  sun  must  move  222  miles  an  hour  at  right  angles  to  the 
direction  of  Alpha  Centauri,  to  avoid  falling  into  that  star.  This  is 
on  the  supposition  that  our  sun  is  acted  on  by  the  mass  of  Alpha 
Centauri  alone,  and  without  reckoning  the  combined  gravity  of 
both.  Sirius  gives  out  at  least  sixty-three  times  more  light  than 
our  sun;  and  on  the  supposition  that  his  mass  is  in  proportion,  and 
that  our  sun  is  acted  on  by  that  mass  alone,  then  our  sun  must 
travel  at  the  rate  of  580  miles  an  hour  in  or  near  a  circle  around 
that  great  star,  to  gain  a  centrifugal  equal  to  the  centripetal 
force. 

These  new  truths  are  in  strong  contrast  with  former  teaching. 
Kewton,  in  his  immortal  ^^ Principia,''  utters  the  following:  ^The 
fixed  stars  being,  therefore,  at  such  vast  distances  from  one  another, 
can  neither  attract  each  other  sensibly,  nor  be  attracted  by  our 
sun.''  One  of  the  latest  declarations  of  opinion  is  that  of  Mary 
Somerville,  in  her  ^  Connections  of  the  Physical  Sciences."  She 
says,  ^  So  remote  are  the  nearest  of  the  fixed  stars,  that  it  may  be 
doubted  whether  the  sun  has  any  sensible  influence  on  them."    It 
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was  not  until  more  than  a  quarter  of  a  century  after  the  distances  of 
several  fixed  stars  had  become  known,  that  this  serious  error  was  ex- 
posed, and  the  real  truth  came  to  light.  This  new  truth  was  the 
direct  consequence  of  the  study  of  the  far  greater  truth,  that  gravity 
is  the  force  which  gave  origin  to  all  stellar  motions  and  all  stellar 
systems.  Now,  therefore,  it  becomes  the  grandest  of  all  problems  in 
astronomy  to  learn  the  motions  of  the  stars  in  our  sidereal  system. 
Some  one  must  do  for  our  sidereal  system  what  Copemicas  did  for 
oar  solar  system.  It  is  now  for  the  first  time  absolutely  ceitain 
that  the  stars  of  our  sidereal  system  are  bound  together  by  gravity ; 
but,  while  the  amount  of  this  force  is  known  between  our  sun  and 
a  few  stars  whose  distances  have  been  ascertained,  the  total  amount 
of  the  force  of  gravity  from  all  the  stars  on  any  single  star,  our  sun 
for  instance,  cannot  as  yet  even  be  guessed  at.  I  look  with  amaze- 
ment on  the  fact  that  some  of  the  bright  suns  of  our  firmament, 
intrinsically  brighter  and  larger  than  our  own,  have  velocities  from 
two  to  three  thousand  miles  per  minute ;  not  that  these  velocities, 
merely  as  such,  are  so  wonderful,  for  we  have  similar  ones  in  our 
solar  system ;  but  where  can  we  find  the  gravitating  force  to  im- 
part such  velocities  to  the  fixed  stars?  If  the  planet  Mercury 
moves  at  the  rate  of  nearly  2,000  miles  per  minute,  we  know  pre- 
cisely where  to  look  for  the  force  which  produced  that  velocity. 
It  is  in  the  mass  of  our  huge  sun,  which,  by  contracting  and  ro- 
tating, brought  down  the  material  of  Mercury  in  a  spirally  inclined 
course  while  it  was  floating  on  the  solar  equatorial  zone.  But  our 
sidereal  system  has  no  central  sun,  and  we  are  compelled  to  look 
to  the  combined  mass  of  all  the  millions  of  stars  in  the  system  for 
the  gravitating  power.  But  when  the  stars  are  numbered  by 
millions,  and  when  they  are  situated  at  such  vast  and  unknown 
distances,  how  shall  we  estimate  their  force  of  gravity  ?  It  takes 
light  more  than  2,000  years  to  travel  from  the  outer  regions  of  our 
system,  the  Milky  Way ;  and  while  the  visible  stars  are  estimated 
at  20,000,000,  who  shall  guess  at. the  number  of  unluminous  and 
invisible  stars  ?  In  this  state  of  things,  while  the  mind  is  lost  in 
'  wonder,  and  ready  to  give  up  the  problem  in  despair,  three  things 
are  reliably  certain.  Firstly,  the  dynamical  theorem  is  proved, 
that  a  pebulous  mass  sufficiently  expanded,  and  rotating  through 
all  its  strata  from  its  surface  to  its  centre,  must  separate  into  rings 
and  resulting  stars  without  a  central  sun.  These  stars,  like  their 
parent  rings,  must  continue  to  revolve  around  their  common  centre 
of  gravity :  they  must  constitute  a  system  like  our  vast  sidereal 
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system.  The  size  of  the  system  forms  no  objection ;  for  dynamical 
principles  operate  in  the  same  way,  irrespective  of  size  or  mass. 
The  inference  is  inevitable  that,  as  all  the  rings  while  separating 
were  acted  on  by  the  gravity  of  the  interior  nebula  with  a  power 
sufficient  to  balance  their  centrifugal  force,  so  the  stars  resulting 
from  these  rings  must  be  acted  on  with  an  equal  power  in  the 
direction  towards  the  centre,  when  that  interior  nebula  has  all 
broken  up  into  stars.  By  learning  the  distances  and  the  velocities 
of  the  exterior  stars  we  may  learn  their  centrifugal  force,  and  hence 
know  their  centripetal  force,  or  the  gravity  and  combined  mass  of 
all  the  interior  stars.  Secondly,  the  stars  of  our  sidereal  system 
are  now  acting  powerfully  on  one  another,  and  in  some  instances 
with  a  definitely  known  force,  as  I  have  proved  respecting  our 
sun  and  those  stars  whose  distances  are  known.  Thirdly,  the 
stars  of  our  system  are  endowed  with  enormous  proper  motions, 
amounting  in  some  instances  to  two  or  three  thousand  miles  per 
hour.  Knowing  these  things,  it  remains  for  us  to  take  the  course 
which  is  so  obvious  before  us.  We  must  institute  a  system  of  ob* 
servations  which  shall  teach  us  the  combined  movements  of  the 
stars  of  our  sidereal  system.  Evidently  their  general  movement 
must  be  in  the  plane  of  the  Milky  "Way ;  but  in  which  direction  ? 
Which  way  around  does  the  Milky  Way  revolve  ?  Here  we  have 
a  problem  plainly  within  our  reach.  All  that  is  wanting  is  a  series 
of  observations  directed  to  this  point  by  observatory  astronomers, 
and  sooner  or  later  the  desired  knowledge  will  be  in  our  hands. 
The  fourth  era  of  modem  astronomy  has  in  store  a  new  and  a 
larger  harvest  of  magnificent  truths  than  any  which  has  passed. 
All  astronomical  laborers  will  ultimately  be  compelled  to  work  in 
this  new  direction,  and  in  reference  to  these  enlarged  views. 
JVolenSy  volensy  they  cannot  escape.  Tycho  Brahe  did  not  believe 
the  theory  of  Copernicus ;  and  yet  his  numerous  observations,  more 
exact  by  far  than  any  going  before,  contributed  much  to  establish 
and  develop  the  Copemican  theory.  Leibnitz  did  not  believe  the 
Newtonian  theory  of  gravitation,  and  he  declared  that  it  tended  to 
irreligion ;  and  yet  the  calculus  he  invented  has  done  more  than 
aught  else  to  advance  that  theory.  Sir  John  Herschel  did  not  believe 
the  nebular  theory  of  Laplace ;  and  yet  his  observations  and  calcu- 
lations on  the  double  stars,  and  his  discoveries  among  the  sidereal 
systems  called  nebulse,  have  contributed  his  full  share  to  illustrate 
the  nebular  theory,  and  the  theory  of  the  force  by  which  all  nebu- 
lous masses  received  their  rotations  and  their  astonishing  velocities. 
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All  future  discoveries  of  &cts  in  astronomy,  whatever  they  may 
be,  will  not  only  confirm  the  nebular  theory  and  the  Newtonian 
theory  and  the  Copemican  theory,  but  in  some  way  or  other  they 
will  point  back  to  the  be^ning,  and  trace  their  origin  to  the 
action  of  gravity  on  the  universal  diffusion  of  nebula. 

18.  The  infinity  of  the  distribution  of  matter  through  space  is 
.  another  sublime  consequence  of  the  new  discovery  of  the  offices  of 

gravity.  Had  the  nebulous  matter  been  evenly  diffused  through 
a  finite  space,  then,  on  contracting,  it  would  have  been  all  collected 
by  gravity  in  one  mass  without  rotation  in  the  middle  of  that 
space;  but  the  simple  fact  of  rotation  proves  that  the  diffusion  of 
matter  was  not  limited  to  any  finite  space,  for  it  has  broken  up 
into  different  masses,  and  these  masses,  by  their  interaction  through 
gravity,  have  produced  rotation.  Hence  the  original  difiusion  of 
matter  must  have  been  through  infinite  space,  so  that  it  could 
divide  into  separate  masses.  Therefore  the  distribution  of  sidereal 
systems  must  now  be  co-extensive  with  the  infinity  of  space. 
See  the  beginning  of  my  first  paper  in  these  ^*  Proceedings"  of  last 
year. 

19.  The  force  of  repulsion  which  difiused  all  matter,  and  held  it 
permanently  through  all  space  against  the  power  of  gravity,  can- 
not be  lost ;  but  it  may  be  converted,  through  chemical  combina- 
tion, into  light  and  heat.  The  absolute  immensity  of  this  force  the 
mind  fails  to  conceive,  and  numbers  almost  fail  to  express ;  and 
here  we  discover  a  source  of  heat  and  light  almost  infinite.  In 
the  condensation,  therefore,  of  the  great  globes  of  space,  we  must 
look  for  the  fires  which  light  up  our  sun  and  the  other  stars ;  not 
through  a  mere  fall  of  matter  by  gravity,  but  by  the  conversion  of 
that  almost  infinite  amount  of  repulsion.  This  subject  I  have  de- 
veloped at  length  in  ^  The  Origin  of  the  Stars,"  and  it  is  another 
consequence  of  the  discovery  that  gravity  was  the  original  cause 
of  all  stellar  motion. 

20.  The  mysteries  of  meteors  and  meteorites  are  solved  by  the 
same  theory,  but  a  full  discussion  I  must  reserve  for  a  separate 
paper.  And  here  I  must  close  this  short  review  of  the  new  and 
wide  fields  of  research  opened  by  the  fourth  era  of  modem  as- 
tronomy. 

It  is  an  instructive  fact  that  none  of  these  great  astronomical 
eras  have  appeared  such  to  the  generation  in  which  they  were 
made.  The  theory  of  Copernicus,  announced  in  1543,  lay  almost 
dormant  until  the  researches  of  Kepler  and  Gktlileo,  in  the  beginning 
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of  the  next  century.  No  printer  would  undertake  the  publication 
of  Newton's  "  Principia,"  not  even  the  learned  Royal  Philosophical 
Society  of  London.  It  was  brought  out  in  1687  by  the  private  ex- 
pense of  Halley,  very  much  to  his  own  inconvenience.  At  that 
period  the  vortical  theory  of  Descartes  was  believed  and  taught  in 
the  Universities,  and  a  grand  point  was  thought  to  be  gained 
many  years  afterwards  when  Newton's  doctrines  were  covertly  in- 
troduced as  foot-notes  in  the  text-book  of  Descartes  I  Still,  a  few 
influential  men  in  London  appreciated  his  work,  and  he  was  re- 
warded with  the  directorship  of  the  Mint.  The  nebular  theory  of 
Laplace  was  published  in  1790,  and  we  all  know  how  it  was  neg- 
lected by  two  generations.  Now,  at  length,  no  epitome  of  astron- 
omy, is  thought  complete  without  a  brief  explanation  of  that 
theory.  These  facts  are  here  mentioned  to  awaken  astronomers 
to  the  announcement  of  the  fourth  era  in  modem  astronomy.  The 
discovery  of  the  Force  which,  in  the  beginning,  put  all  the  heavens 
and  the  earth  in  motion,  is  not  inferior  to  either  of  the  three  great 
announcements  of  Copernicus,  of  Newton,  and  of  Laplace. 

As  the  Newtonian  theory  involves  the  Copemican  theory,  and  as 
the  nebular  theory  is  founded  on  the  truth  both  of  the  theory  of 
Newton  and  that  of  Copernicus,  so  this  fourth  era  includes  the 
ideas  of  the  former  three,  and  goes  far  beyond  them.  It  announces 
the  first  movements  of  creation !  It  begins  with  the  action  of 
gravity  on  the  difiusion  of  nebulous  matter  slowly  contracting.  It 
shows  how  gravity  separated  that  difiusion  into  clouds ;  then  how 
gravity  rounded  and  rotated  those  clouds,  and  disposed  them  in 
sidereal,  solar,  and  planetary  systems.  This  fourth  era  reveals  the 
great  instrument  in  the  hand  of  Omnipotence  by  which  the  con- 
stitution of  the  material  imiverse  was  formed !  By  the  constitution 
of  the  universe,  I  mean  its  systems  of  revolving  and  rotating 
globes,  and  the  distribution  of  those  systems  through  the  infinity 
of  space. 
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8.  The  Mbteobs,  and  theib  Lono-bkdubikg  Trails.   By  Jacob 
Ennis,  of  Philadelphia,  Penn. 

The  subject  of  this  paper  is  entirely  new  to  science.  No  inves- 
tigation has  yet  been  published  about  the  trails  left  behind  by 
shooting  stars,  and  which  float  in  the  heavens  an  hour  or  more 
before  our  view.  When  meteors  dart  through  the  upper  redone 
of  the  atmosphere,  they  are  sometimes  attended  by  a  train  of  fire 
which  vanishes  instantly  with  themselves.  Sometimes  they  leave 
a  phosphorescent  train  which  remains  a  second,  or  a  very  few 
seconds,  and  then  suddenly  ceases  to  glow  at  the  same  instant 
along  the  entire  line.  Very  rarely  they  leave  a  white,  cloudy 
trail  which  gradually  spreads,  and  then  slowly  disappears  by  dis- 
persion in  the  air.  That  trail  is  something  material,  and  may  be 
so  dense  as  to  hide  the  stars.  It  may  extend  a  mile  in  breadth, 
and  twenty  miles  in  length,  and  remain  in  view  an  hour,  slowly 
taking  different  shapes  as  it  bends  on  the  lofty  aerial  currents. 
What  kind  of  matter  is  that  which  floats  up  there  for  so  long  a  time 
before  our  eyes,  in  the  thin,  cold  air?  To  this  question  science  has 
hitherto  given  no  answer.  But  the  matter  of  those  meteoric  trails 
is  invested  with  a  deep  interest.  It  comes  like  a  messenger  from 
the  far  distant  realms  of  space,  it  lodges  as  a  strange  foreign  body 
in  our  atmosphere,  and  it  tells  a  tale  of  wonder  about  the  constitu- 
tion of  the  universe  in  regions  inconceivably  far  beyond  our  plan- 
etary orbit. 

Before  entering  on  the  investigation  of  these  mysterious  phe- 
nomena, I  will  here  give  the  accounts  of  the  only  two  meteor  trails 
ever  seen  by  myself  The  flrst  was  from  Philadelphia,  September 
6th,  1858,  at  half-past  eight  o'clock  in  the  evening.  I  was  sitting 
at  an  open  window,  looking  westward :  the  sky  was  everywhere 
clear,  and  the  current  of  air  was  very  gentle,  with  a  temperature 
of  78°  F.  The  course  of  the  meteor  was  from  north-west  to  south- 
east, and  it  made  its  descent  at  an  angle  of  about  20°  with  the 
horizon.  The  length  of  the  arc  described  in  the  heavens  was 
about  40°.  As  the  bright  meteor  disappeared,  the  glowing  trail 
which  remained  in  its  track  instantly  riveted  my  attention.  As  it 
was  the  only  one  I  had  ever  seen,  I  watched  it  carefully,  and  im- 
mediately afterwards  I  made  this  record.  At  first  it  seemed  only 
six  inches  wide,  and  soon  it  spread  to  the  apparent  breadth  of  one 
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foot.  Its  boundaries  and  both  sides  were  not  straight,  well-defined 
lines,  bat  aneven  and  waving,  and  becoming  more  so  until  it  van- 
ished. The  duration  of  the  vivid  trail  after  the  disappearance  qf 
the  meteor  was  only  about  three  seconds.  It  did  not  have  the 
appearance  of  a  white  cloud  shining  by  reflected  light,  nor  yet  was 
it  bright  and  luminous  like  the  meteor  itself.  It  resembled  the 
pale  glowing  of  the  aurora  borealis,  or  the  artificial  aurora  made 
by  the  discharge  of  electricity  through  a  glass  tube  whose  lur  has 
been  exhausted.  It  was  like  the  glow  of  a  streak  of  phosphorus 
in  the  dark.  I  thought  at  the  time  it  was  an  electric  phenomenon ; 
but  now,  after  a  long  study  of  meteoric  subjects,  I  believe,  from 
evidences  soon  to  be  detailed,  that  the  meteor  was  a  ball  of  phos- 
phorus, or  something  like  phosphorus,  darting  through  the  air: 
the  trail  was  the  ignited  vapor  left  behind,  which  in  a  few  seconds 
was  suddenly  extinct  at  the  same  instant  along  the  whole  line. 
The  meteor  was  the  largest  I  had  ever  seen,  being  twice  or  thrice 
the  ordinary  size,  though  its  brightness  was  not  so  prominent  as  to 
attract  the  notice  of  the  citizens  generally.  From  its  size,  motion, 
brightness,  and  the  length  of  the  arc  it  passed  through,  I  judged 
this  meteor  to  have  been  nearer  to  me  than  any  I  had  ever  seen. 
To  this  nearness  I  attributed  the  visibility  of  the  trail. 

The  next  meteor  trail  seen  by  myself  was  fix)m  this  same  city, 
on  August  24th,  1869,  at  twenty-five  minutes  after  seven  o'clock 
in  the  evening,  and  consequently  during  the  very  early  twilight. 
Its  size  was  so  large*  as  to  gain  the  attention  of  the  citizens  to  a 
considerable  extent,  and  the  next  morning  all  the  city  journals 
gave  it  a  description.  My  own  view  was  not  so  satisfactory  as  I 
could  have  wished.  I  was  riding  in  a  car  up  19th  Street,  facing  the 
east:  the  meteor  was  seen  by  the  passengers  looking  west;  and 
the  driver  rang  the  conductor's  bell  to  call  attention  to  the  won- 
der. On  turning  around,  I  saw  the  white  trail  left  by  the  meteor. 
I  was  in  the  condition  of  a  friend  of  Humboldt^  at  Popayan,  in 
South  America,  in  the  year  1788,  who  was  sitting  in  his  chariiber 
on  a  bright  sunny  day  at  noon,  when  suddenly  he  saw  his  chamber 
lit  up  with  a  more  than  usual  brightness.  Turning  around  toward 
the  window,  he  saw  no  meteor,  for  it  had  already  passed  by,  but 
in  its  path  there  remained  a  white  streak  stretching  across  the 
sky  (Ck>8mos,  vol.  ii.  p.  99).  In  our  car  the  passengers  seemed 
to  agree  that  the  long  meteor  trail  was  the  tail  of  a  comet;  but  I 
was  certain  it  could  be  no  comet,  but  the  remains  of  a  shooting 
star.    Its  visibility  continued  about  fifteen  minutes.    From  a  pre- 
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vious  Study  of  these  matters,  I  was  prepared  to  believe  what  the  ap- 
pearance then  before  my  eyes  rendered  probable,  that  the  meteor  was 
a  ball  composed  of  some  simple  chemical  element  easily  oxidizable, 
such  as  magnesium,  calcium,  sodium,  or  potassium;  that  it  burned 
spontaneously  as  it  rapidly  darted  through  the  oxygen  of  the  air ; 
and  that  the  white,  cloudy  trail,  not  at  all  phosphorescent,  but 
plainly  shining  by  reflected  light,  consisted  of  the  white,  powdery 
ozide,  such  as  magnesia,  lime,  soda,  or  potassa,  or  some  other  such 
analogous  substance.  It  was  scattered  widely  on  the  disturbed 
winds  by  the  swift  meteor  flight,  and  slowly  dispersed  and  dis- 
appeared. 

I  now  proceed  to  give  a  collection  of  nine  meteor  trails,  each 
one  seen  by  a  different  set  of  observers,  which  have  endured  about 
an  hour.  These  are  all  I  have  found  of  so  long  a  period.  No 
author  that  I  am  aware  mentions  more  than  one.  Their  long  ap- 
pearances in  the  heavens  have  been  regarded  as  a  wonder  and  a 
mystery,  but  they  have  drawn  forth  no  special  discussion:  they* 
have  been  an  anomaly  in  science,  unexplainable  by  any  existing 
theories. 

1.  Humboldt,  in  the  first  volume  of  his  '^  Cosmos,"  relates  that 
Admiral  Krusenstem  saw,  in  his  voy^e  around  the  world,  the 
train  of  a  fire-ball  shine  for  an  hour  after  the  luminous  body  itself 
had  disappeared,  and  scarcely  move  throughout  the  whole  time. 

2.  During  the  great  meteoric  shower  of  November,  1833,  Dr. 
Ashbel  Smith,  of  Salisbury,  North  Carolina,  was  riding  all  night 
in  a  sulky,  and  he  records  that  by  far  the  most  magnificent  meteor 
seen  on  the  morning  of  the  13th  crossed  the  vertical  meridian 
about  three  o'clock.  Its  course  was  nearly  due  west.  In  size  it 
appeared  somewhat  larger  than  the  full  moon  when  rising.  ^I  was 
startled  by  the  splendid  light  in  which  the  surrounding  scene  was 
exhibited,  rendering  even  small  objects  visible.  I  heard  no  noise, 
though  every  sense  seemed  to  be  suddenly  aroused  in  sympathy 
with  the  violent  impression  on  the  sight.  The  track  of  the  meteor 
was  visible,  forming  my  estimate  from  the  distance  I  travelled,  for 
half  an  hour." 

3.  Dr.  Jared  P.  Eirdand,  of  Trumble  County,  Ohio,  wrote  concern- 
ing the  great  meteor  fall  of  November,  1833,  that  a  luminous  body 
was  distinctly  visible  in  the  north-east  for  more  than  an  hour.  He 
says,  "  The  Honorable  Calvin  Pease  informs  me  that  he  discovered 
it  at  four  o'clock,  near  the  star  Alioth  in  Ursa  Major ;  that  it  was 
then  very  brilliant,  in  the  form  of  a  pruning-hook,  and  apparently 
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twenty  feet  long  and  eighteen  inches  broad,  and  that  it  gradually 
settled  toward  the  horizon  until  it  disappeared.  I  saw  it  at  five 
o'clock,  when  it  resembled  a  new  moon,  two  or  three  hours  high, 
shining  through  a  cloud.  About  fifteen  minutes  afterwards  no 
vestige  of  it  could  be  seen." 

4.  An  unusually  large  meteor  was  seen  to  pass  over  the  "New 
England  and  the  adjacent  States,  September  20th,  1850.  It  was 
seen  by  W.  C.  Bond,  Director  of  the  Cambridge  Astronomical 
Observatory,  while  riding  in  a  railway  car,  and  he  described  the 
bright  trail  which  it  left  in  its  track.  In  three  minutes  it  had  sub- 
sided into  a  serpentine  figure,  about  half  a  degree  broad  in  its 
widest  part,  and  ten  degrees  long.  At  last  it  became  faintly  nebu- 
lous, but  it  could  be  distinctly  seen  for  more  than  an  hour. 

5.  J.  F.  Julius  Schmidt,  Director  of  the  Astronomical  Observa- 
tory at  Athens,  Greece,  saw  many  bolides,  large  meteors,  during 
the  shower  of  shooting  stars,  November  14th,  1866.  One  of  these 
fire-balls  was  of  the  first  class,  which  left  a  trail  visible  an  hour  to 
the  naked  eye. 

6.  A  very  large  meteor  passed  over  France  and  Switzerland, 
June  13th,  1867,  leaving  a  conspicuous  trail.  It  is  described  by  H. 
Chist,  of  Basle,  as  being  '*  white,  semi-transparent,  faintly  luminous, 
and  visible  for  the  space  of  about  an  hour.  It  disappeared  in  the 
approaching  darkness  after  nine  o'clock.^'  It  was  observed  by. 
M.  L.  Roussy,  at  Toulouse,  France,  from  nine  minutes  past  eight 
to  fifteen  minutes  past  nine  o'clock. 

7.  A  few  months  later,  January  1st,  1868,  another  persistent 
trail  was  left  by  a  meteor  over  the  south  of  England.  ^  On  the 
disappearance  of  the  meteor,  there  was  a  narrow  line  of  light, 
throughout  the  whole  length  of  its  course.  The  greater  part  of 
this  disappeared  within  a  few  minutes ;  but,  small  portions  gradu- 
ally disappearing,  it  remained,  assuming  the  appearance  of  very 
narrow,  thin,  white  clouds.  One  very  short  part,  say  about  one- 
thirtieth  of  the  whole  courses,  was  visible  for  forty  minutes,  until 
ten  minutes  past  eight  o'clock,  when  it  disappeared  immediately 
over,  and  in  consequence  oi^  the  increasing  light  from  the  sun." 

8.  A  large  meteor,  which  left  a  visible  trail,  was  seen  on  the 
morning  of  November  14th,  1868,  at  a  quarter  past  one  o'clock. 
This  trail  was  watched  attentively  by  practised  observers  from  the 
following  places :  "Washington,  D.C. ;  Haverford  and  WilkesbaiTc, 
Pa. ;  Palisades,  N, J. ;  Poughkeepsie,  N.Y. ;  New  Haven,  Ct. ; 
and  Williamstown,  Mass.    From  the  parallax  along  this  base  line 


Digitized  by  VjOOQIC  


126  A.    KATHBMATIC8,  PHTSICS,  AND  CHBMISTBY. 

of  about  400  miles,  Professor  H.  A.  Newton,  of  Yale  College,  cal- 
culated its  height  to  have  been  about  sixty  miles.  This  trail  was 
first  straight,  soon  it  received  serpentine  curves  from  the  currents 
of  the  air,  and  its  appearance  differed  greatly  at  the  time  according 
as  it  was  viewed  from  the  north,  or  from  the  south,  or  from  directly 
below.  After  remaining  visible  full  three-quarters  of  an  hour,  it 
gradually  dispersed  in  the  air. 

9.  Just  one  year  afterwards,  November  14th,  1869,  at  Pensacola, 
Florida,  Commander  William  Gibson  was  observing  the  usual 
November  meteors  of  this  date.  Their  frequency  was  from  two 
to  three,  occcasionally  from  twenty  to  thirty,  per  minute :  their 
size  was  from  mere  moving  points  to  the  apparent  diameter  of 
Jupiter.  The  trail  of  one  ^remained  visible  at  least  fifty  minutes, 
drifting  slowly  to  the  northward.*' 

Meteor  trails  of  a  few  seconds'  or  a  few  minutes'  duration  are 
well  known  to  the  scientific  world ;  but  it  is  very  little,  if  at  all, 
known  that  such  trails  endure  for  an  hour  as  often  as  I  have 
shown.  Humboldt  was  evidently  acquainted  with  but  one,  that 
of  Krusenstem.  M.  Daubree,  a  Member  of  the  French  Institute, 
and  Director  General  of  Mines  in  France,  wrote  an  exhaustive 
treatise  on  the  composition  of  meteorites,  which  has  been  trans- 
lated and  published  by  the  Smithsonian  Institution  in  its  Annual 
Report  of  1868.  He  also  was  acqu^nted  with  only  the  single 
case  of  Krusenstem,  as  is  evident  when  he  writes  that  '^Admiral 
Krusenstem  was  witness  of  a  fact  which  should  be  cited  on  this 
occasion."  But  he  merely  mentions  this  as  a  remarkable  and  a 
unique  fact,  without  attempting  an  explanation.  Professor  Kirk- 
wood,  of  the  University  of  Indiana,  in  his  volume  entitled  **  Mete- 
oric Astronomy,"  also  mentions  a  single  case,  that  of  Director 
Schmidt,  the  fifth  in  this  collection ;  and  he  brings  it  forward  as  a 
large  fire-ball  on  a  particular  date,  without  reference  to  the  long 
persistence  of  the  trail.  T.  L.  Phipson,  Doctor  in  Science  in  the 
University  of  Brussels,  in  his  volume  on  "Meteors  and  Aerolites," 
makes  no  mention  of  any  of  these  cases.  Professor  D.  Olmsted, 
of  Yale  College,  collected  in  the  ^  American  Journal  of  Science," 
the  numerous  observations  on  the  great  meteoric  shower  in 
America,  of  November,  1838 ;  and  respecting  the  trails  of  short 
duration,  and  the  second  and  third  cases  of  long  duration  in  this 
collection,  he  remarked,  "Were  the  truns  and  nebulffi  merely 
smoke  produced  by  the  combustion  of  the  meteors  from  which 
they  resulted,  and  rendered  luminous  by  being  elevated  above  the 
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earth's  shadow  into,  the  region  of  the  sun's  light?  The  few  re- 
markable bodies  which  are  described  as  remaining  for  a  long  time 
stationary  in  a  particular  part  of  the  heavens,  present  anomalies 
which  even  conjecture  is  hardly  competent  to  reach.  We  shall 
require  more  specific  facts  before  we  can  attempt  an  explanation." 
Professor  H.  A.  Newton,  of  Yale  College,  has  written  a  paper  on 
meteors ;  and  he  collected  in  the  "  American  Journal  of  Sdence," 
in  1869,  the  observations  on  the  eighth  case  in  this  collection. 
Kespecting  the  long-enduring  trail,  he  adds,  ^'  What  kind  of  matter 
it  is  which  remains  visible  in  the  cold  upper  air  for  three-fourths  of 
an  hour,  until  by  gradual  dispersion  the  light  faded  out,  I  leave 
for  others  to  say." 

The  above  is  all  that  has  ever  been  said,  as  far  as  I  can  find, 
respecting  these  trails  of  long  duration.  And  there  never  has 
been  any  discussion,  nor  any  full  expression  of  opinion,  about  ^  the 
kind  of  matter"  visible  in  meteor  trails  of  short  duration.  Never- 
theless some  casual  assertions,  unsupported  opinions,  have  been 
ventured  in  scientific  writings  that  the  trail  consists  of  the  "  debris" 
of  the  solid  meteor  volatilized  by  the  intense  heat  of  Mction 
through  the  air.  Haidinger,  of  Vienna,  who  has  written  much  on 
meteors,  makes  a  different  dbnjecture :  he  says  of  meteors,  that 
^  they  may  be  considered  as  made  up  of  large  balls  of  dust-like 
grains;  among  these  is  the  extrordinary  bright  one  of  October  4tb, 
1854.  It  was  seen  in  the  zenith  plainly  to  turn  on  its  axis,  and 
without  doubt  it  was  the  dust  scattered  around  which  formed  the 
bright  shining  trail  which  remained  visible.  In  the  case  of  meteors 
which  remain  visible  in  broad  daylight,  the  trail  probably  remains 
visible  as  cloud  or  smoke." 

Against  all  this,  it  is  a  matter  of  high  import  that,  of  the  hundreds 
of  meteors  which  have  reached  our  earth,  not  one  possesses  the 
property  of  leaving  a  white,  cloud-like  trail  if  they  were  dissipated 
by  heat.  The  dust^  the  powder,  and  <Hhe  volatilized  debris"  of 
all  Imown  meteorites,  would  have  been  of  a  neutral  shade,  —  the 
very  dull  color  whidi  would  have  remained  invisible,  except  in 
large  amounts,  and  then  the  appearance  of  them  all  would  have 
been  dark,  and  not  white ;  much  less  would  they  have  been  ^  bright 
and  shining,"  as  described  by  Haidinger.  Some  meteorites  are 
described  as  having  fallen  from  dark  clouds,  and  such  clouds  may 
possibly  have  been  formed  of  oxidized  meteoric  dust.  But  these  dark 
meteoric  clouds,  from  which  meteorites  have  been  said  to  &11,  are 
altogether  a  different  phenomenon  i&om  the  white  trails  of  meteors 


Digitized  by  VjOOQIC  


128  A.    MATHEMATICS,  PHYSICS,  AND   CHEMISTBY. 

left  behind  as  narrow  lines  in  their  paths.  On  one,  perhaps 
on  two  occasions,  these  meteoric  clouds  have  been  said  to  have 
been  white;  but  it  is  not  certain  that  they  may  not  have  been 
the  ordinary  atmospheric  clouds  of  aqueous  vapor  then  casually 
present. 

In  presenting  what  appears  to  me  the  true  explanation  of  meteor 
trails, — 

Firstly,  I  will  bring  forward  many  facts  to  prove  that  some 
meteors  undergo  a  process  of  burning  or  oxydation  while  passing 
through  the  air,  and  that  the  trails  are  the  smoke  and  ashes  of  such 
burning. 

Secondly,  I  will  give  facts  and  reasoning  which  show  that 
some  meteors  are  composed  of  various  simple  chemical  elements 
unoxidized,  and  which  are  therefore  capable  of  burning  in  the 
air. 

Thirdly,  I  will  show  the  oi-der  and  process  of  creation  by  which 
such  meteors  were  originally  formed  and  left  in  an  unoxidized 
condition. 

I.   J^dcts  which  prove  that  same  Meteors  undergo  a  Process  of 
Burning  in  the  Air. 

1.  All  the  appearances  of  burning,  and  especially  the  throwing 
out  of  sparks,  have  been  repeatedly  seen  and  reported.  The  fol- 
lowing instance  is  from  the  Report  of  the  British  Association  for 
1867,  p.  296-7.  A  meteor,  three  times  as  bright  as  Venus,  ap- 
peared in  England,  November  6th,  1866,  at  fifty-five  minutes  past 
five,  P.M.  Its  remarkable  peculiarities  were  its  very  slow  motion  and 
its  bright  continuance  during  seven  or  eight  seconds.  ^  From  its 
slow  motion,  the  eye  could  distinctly  see  a  process  of  combustion 
like  that  of  ignited  iron  wire  in  a  nearly  exhausted  vessel  of  oxygen 
gas."  The  "American  Journal  of  Science,"  vol.  xxv.,  contains  ftdl 
accounts  of  the  great  meteoric  shower  of  November,  1833.  One 
meteor  was  described  to  be  as  large  as  a  six-inch  globe,  leaving 
behind  a  train  of  light  two  or  three  hundred 'yards  in  length,  while 
sparks  were  flying  from  the  body  of  the  meteor  in  all  directions, 
until  it  burst  into  a  thousand  particles.  From  its  first  appearance 
until  it  burst,  it  continued  in  view  until  the  number  sixty-three 
was  distinctly  counted  (p.  390).  Others  are  portrayed  as  follows : 
^  Occasionally  one  would  seem  to  burst  into  flames,  and  bum  with 
increased  energy,  illuminating  the  face  of  terrestrial  nature  with  a 
degree  of  brightness  and  splendor  inferior  only  to  sunshine.    But 
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this  effect  would  be  of  merely  momentary  dnration ;  for  the  sub- 
stance of  the  meteor  would  be  rapidly  coosumed,  leaving  a  broad 
luminous  ray,  which  would  perhaps  remain  distinctly  visible  for 
twenty  minutes"  (p.  377). 

2.  Irregularities  in  the  amounts  of  light.  Grenerally  the  light 
of  meteors  continues  uniform  in  brightness,  but  in  some  instances 
the  light  varies  greatly;  sometimes  dying  nearly  out,  and  then 
again  blazing  forth  with  unwonted  splendor.  A  large  meteor, 
whose  diameter  was  one-fifth  of  that  of  the  full  moon,  was  de- 
scribed in  England,  November  27th,  1862,  as  being  twice  nearly 
extinguished,  and  both  times  it  regained  its  luminosity.  Another, 
about  equal  to  Venus,  was  seen  in  England,  January  23d,  1868, 
which  disappeared  and  reappeared  further  on,  almost  like  another 
meteor.  Such  variations  we  see  often  in  burning  bodies  in  ordi- 
nary life,  and  they  may  happen  from  various  causes.  The  burning 
meteor  may  become  enveloped  with  a  coating  of  oxide,  and  then 
it  must  cease  to  bum.  This  coating  may  burst  off,  and  again  allow 
all  the  original  burning.  Another  cause  is  suggested  as  follows,  in 
the  "  British  Association  Report  of  1854,"  p.  390 :  «  The  meteor 
disappeared  for  an  instant  as  if  completely  hidden  by  a  species  of 
smoke  which  proceeded  irom  it  at  this  moment,  after  which  it  re- 
appeared in  its  primitive  brilliancy.  One  would  have  said  that 
the  meteor  in  question  was  undergoing  absolute  combustion." 

This  repeated  extinction  of  the  meteor's  light,  and  its  revival 
again,  is  proof  perfectly  decisive  that  the  light  must  be  caused  by 
burning,  and  not  by  mere  friction  through  the  air,  nor  by  the 
latent  heat  of  the  air  condensed  to  ignition  in  the  meteor's  front. 
Friction  and  condensation  must  yield,  if  any,  a  uniform  light,  and 
not  the  dying  out  and  the  kindling  again,  such  as  burning  may 
produce.  I  will  soon  try  to  show  that  air  compressed  in  front  of  a 
meteor  may  give  out  latent  heat  and  a  bright  uniform  light,  but 
that  mere  friction  by  a  meteor  through  the  air  can  afford  no  light. 

3.  Occasionally,  meteors,  while  flying  through  the  air,  suddenly 
change  their  course.  I  can  conceive  of  no  cause  for  these  changes 
but  such  as  may  happen  very  rarely,  when  the  coating  of  oxide, 
spoken  of  above,  bursts  off  from  one  side  only  of  a  meteor,  or  when 
the  oxide  coating  is  formed  on  one  side  only.  Then  the  ignited 
gas,  flying  from  the  burning  and  relieved  side  of  the  meteor,  must 
impel  that  body  in  the  opposite  direction.  Such  operations  we 
see  in  the  pyrotechnics  called  chasers,  which  fly  suddenly  in  zig- 
zag paths. 

A.A.A.S.   Y0L.ZZ.  17 
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4.  Explosions.  Occasionally  a  meteor  is  seen  to  end  its  conrse 
by  a  brilliant  explosion,  its  fragments  sometimes  flying  out  in  every 
direction,  and  sometimes  all  keeping  on  the  former  course.  This 
harmonizes  with  the  idea  that  these  bodies  are  metallic,  and  really 
bum.  A  ball  of  metallic  potassium  thrown  on  water  will  bum,  and 
often  it  ends  its  buming  by  a  fiery,  meteor-like  explosion.  The  ob- 
servers, in  Professor  Olmsted's  account  of  the  meteor  fall  in  1833, 
speak  as  follows :  *'  It  is  well  ascertained  that  several  of  the  meteors 
appeared  to  burst  into  numbers  of  smaller  stars  as  they  fell "  (p.  272). 
^  And,  when  approaching  the  earth,  they  burst  (I  could  not  detect 
either  explosion,  snapping,  or  cracking)  into  innumerable  spangles 
or  smaller  stars,  precisely  as  a  rocket  does''  (p.  390).  ^^  At  other 
times  some  meteors  would  appear,  and  pass  through  an  arc  of  5^ 
or  6^,  when  they  would  explode,  and  the  new-formed  meteors 
possess  all  the  features  of  the  original  one,  passing  very  nearly  in 
the  same  direction"  (p.  380).  Explosions  over  Great  Britain, 
November  12th,  1837,  are  described  as  follows:  "At  eight  o'clock 
in  the  evening,  the  attention  of  observers  in  various  parts  of  the 
country  was  directed  to  a  bright  luminous  body,  apparently  pro- 
ceeding from  the  north,  which,  after  making  a  rapid  descent  in  the 
manner  of  a  rocket,  suddenly  burst,  and,  scattering  its  particles  in 
various  beautiful  forms,  vanished  in  the  atmosphere.  This  was 
succeeded  by  others,  all  similar  to  the  first,  both  in  shape  and  the 
manner  of  its  ultimate  disappearance."  The  explosion  of  the 
meteors  seems  to  proceed,  like  that  of  potassium  on  water,  firom 
the  sudden  presence  of  so  much  oxygen  that  it  thoroughly  ignites 
all  through,  and  thus  flies  asunder,  every  fragment  being  intensely 
luminous.  This  is  a  very  different  phenomenon  from  the  explosion 
of  oxidized  meteoric  stones.  The  latter  become  suddenly  heated 
externally  by  the  revival  of  the  latent  heat  of  the  air,  and  they 
break,  as  we  often  see  a  heated  glass,  or  a  heated  stone  or  porce- 
lain, break.    Such  explosions  are  often  without  any  light. 

5.  Phosphorescence.  There  have  been  plain  unmistakable  ap- 
pearances that  some  meteors  consist  of  phosphorus,  or  some  other 
unknown  simple  element  similar  to  phosphorus.  This  element  is 
very  easily  vaporized,  and  as  it  darts  in  a  blaze  through  the  air  it 
may  leave  behind  in  its  path  a  copious  stream  of  vapor.  This 
vapor  oxidizes  and  bums,  sometimes  with  a  pale  glow  and  some- 
times intensely.  In  all  cases  it  suddenly  goes  out  along  its  whole 
line  at  once.  This  sudden  extinction  alike  through  its  entire 
course,  as  well  as  its  peculiar  look,  is  decisive.    When  the  vapor 
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is  all  burned  it  must  at  once  cease  to  shine.  The  ashes  and  smoke 
of  meteors  composed  of  other  simple  elements  behave  very  differ- 
ently. They  gradually  fade  away  by  the  dispersion  of  the  ashes 
through  the  air.  In  the  great  meteoric  fall  of  November,  1833,  the 
following  are  the  independent  reports  of  three  different  and  far- 
distant  observers :  ^'  The  light  of  their  trains  also  was  of  a  pale 
hue,  not  unlike  that  produced  by  writing  with  a  stick  of  phos* 
phoms  on  the  walls  of  a  dark  room  "  (p.  365).  **  The  long,  lumi- 
nous traces  which  they  left  behind  would  last  for  several  seconds ; 
^nd  at  times,  when  the  nucleus  had  entirely  disappeared,  these 
traces  or  streams,  varying  from  ten  to  a  hundred  yards  in  length, 
would  linger  in  the  sky  and  continue  to  shine  with  all  their  bril- 
liancy for  two  or  three  minutes,  and  then  suddenly  expire  in  a 
twinkling  of  an  eye  "  (p.  382) .  ^^  By  far  the  most  brilliant  one  which 
we  saw  occurred  at  a  few  minutes  past  five  in  the  morning,  and 
seemed  to  announce  by  its  splendor  the  finale  of  this  grand  exhi- 
bition of  fire-works  in  the  heavens.  It  seemed  to  pursue,  as  near 
as  we  could  judge,  a  course  from  S.E.  to  N.W.,  the  ball  being 
apparently  five  or  six  inches  in  diameter,  with  a  train  firom  thirty 
to  forty  feet  in  length ;  the  latter  assuming  immediately,  on  the 
passage  of  the  meteor,  a  serpentine  form,  and  diffusing  a  light 
upon  the  earth  fully  equal  to  that  of  the  full  moon,  and  remaining 
intense  at  least  for  forty  or  fifty  seconds''  (p.  380). 

Thus  we  have  evidence  of  three  very  different  kinds  of  meteor 
trails  never  before  discriminated.  First,  meteors  of  phosphorus, 
whose  trails  have  a  fiery  glow,  and  which  disappear  instantly 
throughout.  Second,  meteors  composed  of  some,  easily  com- 
bustible simple  elements,  such  as  potassium,  sodium,  calcium,  mag- 
nesium, and  the  like.  They  bum,  and  their  ashy  trails  seem  white 
and  cloudlike ;  and,  after  remaining  visible  from  a  few  moments  to 
an  hour  or  more,  they  disappear  by  a  slow  dispersion  in  the  atmos- 
phere. Thirdly,  meteors  composed  of  oxidized  materials,  stony 
meteors,  and  also  metallic  iron  meteors.  Their  light  and  heat 
spring  from  the  compression  and  the  latent  heat  of  the  air,  not 
from  mere  friction  as  is  generally  supposed.  They  may  be  so  in- 
tensely heated  on  their  surfaces  as  to  be  ignited  and  vitrified,  and 
their  glowing  exteriors  may  leave  behind  a  short  fiery  trail  in- 
stantaneous only  in  duration.  They  have  been  aptly  compared  by 
observers  to  a  fire-brand  carried  against  the  wind. 

6.  Various  colors.  It  is  well  known  that  meteors  have  different 
colors,  such  as  white,  red,  green,  and  blue.    These  colors  harmonize 
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with  the  fact  that  their  light  springs  irom  the  bamiDg  of  their 
simple  chemical  elements.  These  elements,  we  know,  bam  with 
different  colors.  And  thus  shooting  stars  have  different  colors 
from  precisely  the  same  reason  that  the  other  larger  stars  shine 
with  various  lights. 

7.  It  has  been  announced  on  sufficient  authority  that  the  meteors 
of  the  November  stream  become  incandescent  at  a  greater  height 
than  those  of  the  August  stream.  This  fact  cannot  be  accounted 
for  by  either  of  the  two  old  theories  of  meteoric  light,  that  of  fric- 
tion, and  that  of  latent  heat  in  the  air.  But  this  remarkable  phe- 
nomenon at  once  proves  the  truth  of  the  combustion  theory,  and 
that  the  meteors  of  the  November  stream  are  composed  of  very 
different  simple  elements  from  those  of  the  August  stream,  and 
that  therefore  they  bum  at  a  higher  altitude. 

8.  The  sizes  and  the  densities  of  meteoric  trails  prove  that  they 
are  the  products  of  combustion.  Their  densities  are  such  that 
they  have  repeatedly  been  seen  to  occult  the  stars,  and  they  are 
sometimes  a  mile  in  diameter  and  fifteen  or  twenty  miles  in  length. 
Where  they  end  they  stop  abraptly,  showing  the  point  where  the 
meteor  is  entirely  consumed.  All  this  is  entirely  different  from 
the  volatilized  debris  of  stony  or  nickeliferous  iron  meteors.  This 
latter  debris  is  either  incandescent  "  like  the  flame  of  a  firebrand 
carried  against  the  wind,"  or  else  it  is  invisible.  Stony  and  iron 
meteors  show  no  evidence  of  being  vaporized  altogether  in  the  sur. 
They  reach  the  earth  in  their  course,  and  they  may  be  handled 
and  analyzed ;  or  perhaps  they  may  go  on  and  fly  away  from  our 
globe  in  a  conic  section.  Several  of  them  have  been  known  to 
traverse  the  earth's  atmosphere  a  thousand  miles  and  more  without 
any  signs  of  being  dissipated  by  frictional  or  by  revived  latent 
heat.  Their  phenomena  stand  out  in  marked  contrast  from  those 
of  combustible  meteors,  whose  trails  are  short,  broad,  and  dense, 
with  abrapt  terminations,  and  with  a  chalky  whiteness  equal  to 
the  whitest  cloud.  The  intense  burning  of  the  meteor  violentjy 
throws  off  the  smoke  and  ashes  half-a^mile  on  every  side.  My 
own  lecture  room  includes  a  space  of  20,000  cubic  feet,  and  I  have 
often  wondered  to  see  how  suddenly  it  can  be  entirely  filled  by 
the  dense  white  fiimes  of  a  ball  of  burning  phosphoras.  The  long 
persistency  of  the  white  ashy  trails  in  the  upper  air  I  have  seen 
paralleled  by  the  persistent  trail  from  a  volcanic  cone  rising  upward 
a  couple  of  miles  or  more,  and  sailing  off  laterally  several  miles 
unbroken  on  the  trade  winds.    Such  a  stream  frx}m  a  tall  volcanic 
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peak  on  the  island  of  Lombok,  east  of  Java,  curved  about  grace- 
iully  on  the  breeze  in  various  directions.  The  monsoons  were  just 
changing,  and  the  aerial  currents  were  various,  and  the  dark  gray 
line  of  smoke  and  ashes  rose  in  one  curve  far  above  the  region  of 
the  clouds,  and  fell  in  another  curve  down  on  the  ocean  waves. 
Once  it  struck  our  ship,  and  filled  it  with  a  strange  sulphurous 
odor,  as  if  coming  from  the  bottomless  pit. 

9.  I  know  not  under  which  of  the  foregoing  heads  to  arrange 
the  following  case;  but,  as  it  affords  so  strong  an  evidence  of  combus- 
tion, it  may  stand  by  itself  and  close  this  catalogue.  The  meteor 
was  seen  by  many  observers,  both  in  Alabama  and  Mississippi, 
July  8th,  1856,  at  about  five  o'clock  in  the  afternoon.  It  was 
reported  in  the  "American  Journal  of  Science"  soon  ailer,  by 
Professor  N.  K  Davis,  of  Howard  College,  Marion,  Alabama.  Its 
very  conspicuous  trail  was  one  degree  broad  and  eight  degrees  long, 
and  it  remained  visible  fifteen  minutes.  One  observer,  Mr.  Thomas 
M.  Peters,  compared  it  to  "  a  dense  body  of  steam  projected  in  the 
air,  and  to  the  dense  white  smoke  of  a  cannon."  Professor  Davis 
says,  "  The  fumes  were  densely  white,  and  reminded  me  strongly 
of  the  fumes  of  a  chloride  formed  when  powdered  antimony  is 
projected  in  a  jar  of  chlorine.  The  cloud  gradually  took  a  zig-zag 
form;  and  the  aerial  currents  then  slowly  dispersed  it,  though 
it  retained  its  dense  appearance  after  it  had  spread  consider- 
ably. I  have  never  seen  a  notice  of  a  similar  fact,  and  the  ques- 
tion arose  in  my  mind,  May  not  the  luminous  trail  left  by  noc- 
turnal meteors  be  due  to  the  momentary  phosphorescence  of  similar 
fumes?  I  say  fumes,  because  I  suppose  the  cloud  to  be  the 
product  of  combustion  in  the  air;  but  what  this  product  may 
be,  from  its  appearance  alone,  I  would  be  at  a  loss  to  deter- 
mine." 

When  a  thing  is  plainly  seen  to  bum,  that  ought  to  be  an  end 
to  all  controversy;  but  while  numerous  observers  have  so  often 
declared  that  meteoric  light  and  heat  are  sometimes  phenomena 
of  burning,  why  have  not  scientific  theorizers  accepted  the  fact  ? 
Why  have  they  ignored  combustion,  and  resorted  to  friction  and 
to  latent  heat?  This  is  because  they  have  seen  nothing  in  meteor- 
ites to  bum.  Meteoric  stones  certainly  cannot  bum,  for  they  are 
'  oxidized  already.  And  metallic  meteors,  composed  mainly  of  iron 
and  nickel,  cannot  burn,  because  they  are  too  solid  and  massive. 
But  in  the  next  part  of  this  paper  I  will  try  to  show  that  the 
reason  why  the  easily  burning  meteors  have  never  reached  the 
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sarface  of  the  earth  is  because   they  have  all  been  necessarily 
burned  up  and  dissipated  in  the  atmosphere. 

n.    Facta  and  Measonings  to  prove  that  some  Meteors  are  com^ 
posed  of  Simple  Chemical  Elements  which  bum  spontanea 
in  the  Air. 


Meteors  composed  of  potassium,  sodium,  lithium,  strontium, 
phosphorus,  and  others  of  a  similar  nature,  could  not  possibly 
come  down  to  the  surface  of  the  earth.  They  would  take  fire  at 
very  great  heights,  and  strew  their  white  oxidized  materials  as 
trails  on  the  winds.  They  would  naturally  be  scattered  over  spaces 
thousands  of  miles  in  extent,  as  is  often  the  case  with  volcanic 
dust,  and  their  fall  would  be  imperceptible.  What  now  are  the 
grounds  of  belief  that  some  meteors  are  composed  of  such  simple 
elements  spontaneously  combustible  in  the  earth's  atmosphere  ? 

It  is  a  great  fact,  hitherto  but  slightingly  regarded,  that  in  me- 
teorites the  following  chemical  elements  are  found  unoxldized: 
phosphorus,  sulphur,  carbon,  silicon,  chlorine,  magnesium,  calcium, 
aluminum,  arsenium,  manganese,  tin,  chromium,  cobalt,  nickel, 
iron,  and  copper.  It  is  well  known  that  meteorites  are  divided 
into  meteoric  stones  having  their  elements  completely  or  partially 
oxidized,  and  metallic  meteors  composed  mainly  of  unoxidized 
iron  and  nickel.  Along  with  the  iron  and  the  nickel  have  been 
found,  in  less  abundance,  the  remaining  fourteen  elements  of  the 
above  catalogue,  all  unoxidized.  In  some  meteorites,  indeed,  with 
very  little  or  no  iron,  there  have  been  found  notable  amounts  of 
free  sulphur  and  carbon ;  the  latter  in  the  form  either  of  plumbago 
or  of  charcoal,  as  in  the  meteorite  of  Alais. 

This  great  fact  of  the  unoxidized  condition  of  so  many  simple 
elements  may  be  regarded  as  an  astronomical  fact.  It  is  wholly 
different  from  terrestrial  phenomena.  Here,  on  earth,  the  elements 
are  invariably  found  in  an  oxidized  state,  except  where  we  see 
agencies  at  work  deoxidizing  them ;  as  the  plants  which  liberate  car- 
bon, and  the  volcanoes  which  liberate  sulphur.  It  may  be  that  some 
comparatively  small  amounts  of  copper,  including  the  mines  of  Lake 
Superior,  have  never  been  oxidized.  Being  very  heavy,  some  por- 
tions of  that  metal  may  have  sunk  below  the  region  of  the  light 
oxygen  gas  when  our  planet  was  all  ablaze.  Gold  is  unoxidized,  be- 
cause by  no  natural  process  does  it  combine  with  oxygen ;  and,  even 
if  it  were  so  combined,  the  heat  of  our  flaming  planet  would  have  set 
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it  free.  Here  then  we  listen  to  a  great  wonder  told  by  meteorites 
which  come  to  our  planet  from  the  far-distant  planetary  spaces. 
It  is  that  the  simple  elements  in  some  remote  astronomical  regions 
are  xinozidized.  Why  they  are  in  that  condition  I  will  soon  dis- 
close. We  have  now  to  do  with  the  naked  fact.  The  simple  ele- 
ments in  meteors  are  twenty  in  number  besides  oxygen.  If  six- 
teen of  these  exist  unoxidized,  contrary  to  all  terrestrial  experience, 
why  may  not  the  other  four,  potassium,  sodium,  lithium,  and  stron- 
tium ?  There  is  indeed  no  reason  why  we  may  not  see  a  meteor 
of  potassium  and  sodium  unoxidized  as  well  as  a  meteor  of  iron 
and  nickel  unoxidized.  Existing  alone  in  such  a  condition,  the 
potassium  meteors  cannot  possibly  come  down  to  the  surface  of 
the  earth.  They  must  necessarily  bum  brightly  and  beautifully  on 
entering  our  atmosphere ;  and,  if  they  be  laige  enough  and  near 
enough,  they  must  leave  a  white  visible  trail  stretching  along  their 
paths,  and  waving  slowly  on  the  breeze.  A  meteor  composed  of 
phosphorus  would  leave,  as  already  stated,  a  phosphorescent  train, 
perhaps  very  pale,  and  perhaps  very  bright,  depending  on  the 
amount  of  vapor.  Possibly  after  the  light  of  the  vapor  is  suddenly 
gone  out,  the  white  fleecy  fumes  of  phosphoric  acid  may  in  some 
cases  be  visible.  These  burnings  and  these  trails,  be  it  remembered, 
are  the  best  possible  evidences  we  can  have  that  those  four  alka- 
line elements  in  meteors — potassium,  sodium,  lithium,  and  stron- 
tium —  may  sometimes  come  pure  and  simple. 

There  are,  however,  other  evidences,  which  to  other  minds  may 
appear  stronger,  such  as  that  from  the  spectroscope.  The  Report 
of  the  British  Association  for  1866  contains  the  following:  **That 
which  the  spectral  examination  of  the  August  meteors  has  most 
clearly  brought  to  light  is  the  existence  of  an  extraordinary 
quantity  of  the  vapor  of  sodium  in  the  luminous  streaks,  so  that 
many  of  these  streaks,  especially  the  most  conspicuous  and  the 
most  slowly  fading  among  them,  consist  of  nothing  else  but  sodOy 
fiatnes  for  a  great  portion  of  the  time  they  continue  visible." 

Therefore  we  have  three  very  strong  evidences  that  potassium, 
sodium,  lithium,  strontium,  and  other  like  elements,  may  form  me- 
teors in  an  unoxidized  state. 

Firstly,  because  at  least  sixteen  of  the  meteoric  elements  exist 
in  a  pure  unoxidized  condition. 

Secondly,  because  we  behold  meteors  burning  in  the  air  with  all 
the  phenomena  of  burning,  as  detailed  at  length  in  Part  I.  of  this 
paper. 


Digitized  by  VjOOQIC 


136  A.    MATHEMATICS,  PHT8IC8,   AND   CHEMISTRY. 

Thirdly,  because  of  the  teachings  of  the  spectroscope. 

Bat  how  has  oar  solar  system  been  so  constituted  that  here  on 
our  planet  there  are  sixty-three  elements  always  oxidized,  while  in 
the  outer  regions  we  know  of  only  about  twenty-one  elements,  and 
these  are  often  unoxidized?  This  leads  us  to  the  third  part  of  this 
paper. 

III.  The  Process  and  Order  of  Creation  by  which  Meteors  were 
formed  with  hut  very  few  ElemerUs^  and  these  few  were  often 
left  in  an  Unoxidized  Condition. 

To  make  this  process  clear,  I  will  show  — 

First,  that  the  meteors  which  reach  the  surface  of  the  earth, 
stony  meteorites  and  metallic  meteorites,  come  from  the  region  of 
the  solar  system,  within  the  ring  of  the  asteroids. 

Secondly,  that  the  unoxidized  meteors,  which  burn  and  leave 
their  phosphorescent  and  thin  ashy  trails  in  the  air,  come  mostly, 
probably  altogether,  from  the  more  distant  regions  of  the  solar 
system,  beyond  the  ring  of  the  asteroids. 

Thirdly,  that  the  meteors  with  visible  trails  were  left  unoxidized 
because,  at  the  period  of  their  creation,  the  simple  element  oxygen 
had  not  yet  been  formed,  and  therefore  that  the  era  of  the  creation 
of  oxygen,  as  well  as  of  many  other  elements,  was  not  before  the 
creation  of  the  ring  of  the  asteroids. 

First,  the  following  are  the  evidences  that  the  meteorites  which 
reach  the  surface  of  the  earth  come  from  within  the  ring  of  the 
asteroids. 

(a.)  Their  density.  The  matter  of  the  solar  system  beyond  the 
ring  of  the  asteroids  formed  very  rare  and  light  bodies,  as  we  see 
in  Neptune,  Uranus,  Saturn,  and  Jupiter,  and  their  satellites. 
Compared  with  water,  the  densities  of  the  planets  are  as  fol- 
lows :  — 


Mercury 6.71 

VenuB 5.11 

Earth 5.44 

Mara 5.21 


Jupiter 1.82 

Saturn 76 

IJnuiuB 97 

Neptune 76 


Here  it  is  plain  that  the  four  outer  planets  differ  from  the  four 
inner  in  so  great  a  degree  as  to  prove  that  these  two  sets  of 
celestial  bodies  are  composed  of  very  different  materials.  For 
other  comparisons,  never  before  given,  on  different  points  between 
these  two  sets  of  planets,  see  my  paper  on  ^  The  Four  Great  Eras 
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in  Modem  Astronomy"  in  these  "Proceedings,'*  and  also  "The 
Origin  of  the  Stars,**  sections  25  and  30.  The  densities  of  the 
meteorites  vary  from  1.97  to  7.  Generally  they  are  about  like 
the  density  of  the  earth,  which  shows  that  t^ey  belong  to  the 
inner  class  of  planets.  It  is  most  unscientific  to  suppose  that  mat- 
ter in  the  outer  region  of  the  solar  system  should  condense  into 
light  bodies  when  forming  planets  and  satellites,  and  into  heavy 
bodies  when  forming  meteorites.  On  the  contrary,  when  we  con- 
sider the  great  pressure  of  the  materials  upon  themselves  in  the 
large  outer  planets,  their  immense  force  of  condensation,  we  must 
believe  that  those  large  planets  are  denser  than  the  small  meteors 
of  that  region,  the  same  as  the  earth  is  denser  than  the  moon,  and 
Jupiter  is  denser  than  his  satellites.  The  rare  meteors  from  that 
outer  region  I  shall  show  are  those  which  burn  in  our  atmosphere 
and  never  reach  the  ground  except  as  gas  or  invisible  powder. 

(&)  The  nature  of  the  elements  forming  meteors,  and  also  those 
forming  our  earth,  could  not,  by  any  possible  combination,  form 
such  rare  bodies  as  the  four  outer  planets.  Therefore,  in  the  pro- 
cess of  creation  by  nebular  condensation,  the  meteorites  could  not 
have  been  foimed  in  those  outer  regions.  The  outer  planets  are 
solid  bodies;  and,  by  the  views  of  the  solid  prominences  on  Jupiter 
and  Saturn,  the  times  of  their  rotations  have  been  determined. 
But  meteoric  and  terrestrial  elements  cannot,  by  the  laws  of 
chemical  combination,  form  such  light  solids.  All  earthy  inorganic 
solids  are  much  heavier  than  water.  Even  our  light  gases,  oxygen, 
hydrogen,  nitrogen,  and  chlorine,  combine  among  themselves  to 
form  solids  more  dense  than  the  outer  planets.  Chlorine,  hydro- 
gen, and  nitrogen  unite  to  form  the  solid  sal-ammoniac,  or  hydro- 
chlorate  of  ammonia.  Oxygen,  nitrogen,  and  hydrogen  unite  to 
form  the  solid  nitrate  of  ammonia.  Both  these  solids  are  denser 
than  the  four  outer  planets.  Oxygen  and  hydrogen  unite  to  form 
water,  which,  as  solid  ice,  is  denser  than  Saturn,  Uranus,  and  Nep- 
tune. It  is  a  little  lighter  than  Jupiter,  but  this  cannot  be  Jupiter's 
composition.  I  need  not  occupy  space  to  show  that  a  great  and 
beautiful  globe,  88,000  mites  in  diameter,  doubtless  the  abode  of 
high  intelligence,  cannot  be  composed  mainly  of  ice.  Thus  we  see 
that  neither  the  elements  of  meteorites,  nor  even  those  of  our  earth, 
can  form  bodies  like  the  four  outer  planets.  Hence  we  may  con- 
clude that  such  elements  do  not  form  small  meteorites  in  those 
outer  regions. 

(c.)  SUll  other  reasons  prove  that  the  four  outer  planets  are 
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oomposed  of  very  different  elements  irom  those  in  the  meteorites 
or  in  the  earth.  If  their  elements  were  not  different,  no  living 
being  could  be  there.  Neptune  is  thirty  times  more  distant  from 
the  Bun  than  our  earth,  therefore  as  80  X  30  =  900,  the  region  of 
Neptune  is  900  times  colder  than  that  of  our  earth.  Water  and  all 
other  known  liquids  would  be  solid  there.  Hence  all  must  be 
dreary  death  in  those  large  magnificent  globes, — a  most  absurd  idea, 
—  unless  the  elements  are  different.  It  is  true  that  unusually  large 
atmospheres  in  those  planets  might  prevent  the  escape  of  much 
solar  heat,  but  not  enough  to  make  up  so  enormous  a  deficiency. 
On  the  other  side.  Mercury  is  glowing  in  the  close  neighborhood 
of  the  sun,  and  water  would  boil  and  evaporate  there.  Mercury 
receives  6,200  times  more  solar  heat  than  Neptune.  Hence  the  dif- 
ferent planets,  doubtless  all  noble  abodes  of  life,  all  differ  more  or 
less  in  the  elements  of  their  constitutions.  Meteorites  formed  ac- 
cording to  the  nebular  theory,  in  the  different  planetary  regions, 
must  differ  accordingly. 

(d»)  We  further  learn  that  meteorites  do  not  come  from  the 
outer  regions  of  our  solar  system,  because  the  streams  of  meteors 
from  those  regions,  the  August  and  the  November  streams,  con- 
tain no  meteorites.  All  those  millions  of  meteors  are  composed  of 
unoxidized  elements  which,  on  touching  our  atmosphere,  bum  and 
display  their  phosphorescent  or  their  snow-white  trails.  Professor 
Eirkwood,  in  his  "Meteoric  Astronomy,"  ^ves  a  catalogue  of 
meteorites  and  bolides,  or  large  fire-balls,  which  have  fallen  be- 
tween the  years  1548  to  1866,  in  the  November  meteoric  period. 
The  fire-balls  have  nothing  to  do  in  the  case,  as  they  may  not  have 
been  meteorites ;  but  he  finds  only  four  falls  of  meteorites  on  the 
meteor  days  in  all  that  period  I  He  also  gives  a  like  catalogue  of 
meteorites  in  the  August  stream  of  meteors  from  date  1642  to 
1863,  and  finds  only  ten !  And  these  ten  were  not  on  any  one  day 
of  the  month,  but  distributed  during  five  days,  from  the  7th  to  the 
11th.  Professor  Reichenbach,  very  learned  in  this  department  of 
science,  estimates  the  number  of  meteorite  falls  every  year  to  be 
4,500,  or  an  average  of  about  twelve  daily ;  therefore  the  ten  falls 
during  the  five  days  at  the  time  of  the  August  stream  of  meteore 
in  all  the  220  years,  and  the  four  falls  at  the  time  of  the  November 
meteors  in  all  the  320  years,  have  not  a  particle  of  weight  to  show 
that  meteorites  are  a  part  of  those  meteoric  streams  from  the  far- 
distant  regions  of  the  solar  system.  They  prove,  in  fact,  just  the 
reverse :  especially  when  we  consider  the  many  millions  of  those 


Digitized  by  VjOOQIC 


\ 


II 


MATHBMATICS  Ain>  ABTBONOMT.  139 

meteors  which  bam  during  the  August  and  November  periods. 
Professor  Olmsted  calculated  that  the  number  visible  at  New  Haven 
alone  was  a  quarter  of  a  million  in  the  single  shower  of  November, 
1833.  Each  one  of  the  three  great  showers  of  1799,  1833,  and 
1836,  must  have  contained  many  millions  of  meteors,  and  yet  they 
are  not  known  to  have  yielded  a  single  meteorite.  As  the  meteors 
of  the  November  stream  come  from  beyond  the  orbit  of  Uranus? 
and  as  those  of  the  August  stream  come  from  beyond  the  orbit  of 
Neptune,  how  can  we  have  better  proofs  that  meteorites  do  not 
come,  along  with  the  other  shooting  stars,  from  the  region  of  the 
four  outer  planets  ? 

Secondly,  the  unoxidized  meteors,  which  bum  and  leave  their 
phosphorescent  and  their  ashy  trails  in  the  air,  come  mostly,  prob- 
ably altogether,  from  the  more  distant  re^ons  of  the  solar  systemi 
beyond  the  ring  of  the  asteroids. 

This  is  evident  about  the  millions  of  meteors  in  the  August  and 
November  streams,  and  there  are  no  known  facts  to  the  contrary 
about  any  other  meteors,  except  those  composed  of  meteorites. 
But  in  passing  through,  or  even  near  by,  the  great  meteoric  streams 
fit>m  the  outer  regions  of  the  solar  system, — and  those  streams  are 
probably  numerous,  —  the  gravitation  of  the  earth  must  necessarily 
cause  many  millions  of  meteors  to  abandon  their  native  streams, 
and  to  revolve  in  elliptic  orbits  around  the  earth.  Dr.  Weiss  in 
the  "Proceedings  of  the  Vienna  Academy,"  vol.  57,  has  shown 
that  these  orbits  must  vary  in  their  periods  from  one  and  three- 
quarters  to  390  years.  By  still  further  perturbation,  these  meteors 
may  daily  and  even  hourly  enter  our  atmosphere  and  bum.  It  is 
wonderful  to  think  that  while  our  earth  is  revolving  around  the 
sun,  it  is  attended  with  so  immense  a  swarm  of  these  millions  of 
inflammable  satellites,  and  that  their  numbers  are  annually  in- 
creasing and  hourly  diminishing. 

The  nine  meteor  trails  of  long  duration,  collected  in  the  begin- 
ning of  this  paper,  belong  mostly,  perhaps  altogether,  to  the  epoch 
of  November  13th,  14th,  as  shown  by  the  following  dates.  The 
only  three  not  in  the  precise  date  of  the  epoch  may  have  been 
drawn  from  the  stream  in  elliptic  orbits,  and  afterwards  by  further 
perturbation  to  the  earth's  surface. 


1. 

Date  iiDknowD,  WrangerB 

6. 

NoTember  14, 1866. 

meteor. 

6. 

June  18, 1867. 

2. 

Korember  18, 1888. 

7. 

January  1, 1868. 

8. 

Norember  18, 1888. 

8. 

Norembep  14, 1868. 

4. 

September  20, 1860. 

9. 

November  14, 1869. 
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In  this  same  epoch  a  large  number  of  trails  have  been  reported, 
lasting  from  fifteen  to  twenty  minutes.  Thus  it  appears  that  very 
much  of  the  matter  seen  floating  so  often  from  fifteen  minutes  to 
an  hour  in  the  upper  strata  of  o\ir  atmosphere  belongs  to  the 
November  stream  of  celestial  bodies,  and  that  it  comes  from  the 
region  beyond  the  orbit  of  Uranus. 

Enough  has  now  been  said  to  show  that  there  are  two  classes  of 
meteors,  corresponding  to  the  two  classes  of  planets, — the  outer 
and  the  inner,  the  distant  and  the  near :  the  one  yielding  heavy, 
stony,  and  metallic  bodies,  often  wholly  oxidized ;  the  other  is  un- 
oxidized,  and  they  burn  spontaneously  in  the  air,  leaving  phospho- 
rescent and  ashy  trails.  The  ring  of  the  asteroids  seems  to  be  the. 
dividing  line  between  them ;  and  this  fact  is  significant  respecting 
both  the  original  formation  of  the  ring,  and  also  the  cause  of  the 
very  wide  difference  between  the  outer  and  the  inner  classes  of 
planets  and  meteors. 

The  question  cannot  be  repressed  whether  the  matter  of  these 
ashy  trails  may  not  be  detected  in  the  surface  of  the  earth  ?  But 
it  has  been  falling  so  long  that  it  must  now  be  a  constituent  ele- 
ment of  our  globe.  It  fell  during  the  millions  of  years  while  our 
globe  was  incandescent,  and  the  ocean  was  all  vapor.  It  fell 
during  the  millions  of  years  when  the  ocean  covered  the  globe, 
and  when  there  was  no  dry  land.  It  fell  during  the  millions  of 
years  when  the  stratified  rocks  were  deposited  little  by  little  as 
sediment  in  the  bottom  of  the  waters,  and  therefore  it  must  pene- 
trate all  those  strata.  It  has  therefore  become  so  incorporated 
with  our  globe  as  to  be  undistinguishable,  certainly  at  present. 
Perhaps  hereaftier  spectral  analysis  may  detect  minute  portions  of 
gome  element  pervading  the  earth's  crust  everywhere,  and  which 
may  be  ascribable  to  a  foreign  origin.  It  is  a  great  fact  that  three 
of  the  metals  on  the  surface  of  our  globe — sodium,  potassium,  and 
lithium,  all  spontaneously  combustible  in  the  air — are  lighter  than 
water,  like  the  outer  planets  whence  come  the  August  and  No- 
vember streams  of  meteors.  These  three  elements,  as  well  as 
phosphorus,  appear  by  their  lightness  to  belong  to  that  outer 
re^on,  the  same  as  the  heavy  meteorites  certainly  belong  to  the 
inner  class  of  planets.  Combined  with  oxygen,  they  form  bodies 
heavier  than  the  outer  planets ;  but  most  probably  they  combine 
with  some  other  gas  or  gases  which  we  see  in  the  atmospheres  of 
the  outer  planets,  and  thus  help  to  form  the  solid  bodies  of  those 
great  globes. 
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We  now  go  on  to  acconnt  for  the  anoxidized  condition  of  many 
meteors. 

Thirdly,  the  meteors  with  visible  trails  were  left  unoxidized, 
because  at  the  period  of  their  creation  the  simple  element  oxygen 
had  not  yet  been  formed,  and  therefore  the  era  of  the  creation 
of  oxygen,  as  well  as  of  many  other  elements,  was  not  before 
the  creation  of  the  ring  of  the  asteroids.  In  speaking  of  the  crea- 
tion of  a  simple  element,  we  do  not  mean  the  creation  of  matter. 
The  simple  chemical  elements  I  have  elsewhere  shown  to  be  mere 
modifications  of  an  original  form  of  matter ;  hence  all  the  elements 
I  have  shown  to  have  at  least  fourteen  fundamental  properties  in 
common,  and  they  differ  in  about  six  secondary  properties,  which 
latter  have  been  caused  during  the  long  process  of  nebular  con- 
densation, partly  in  the  original  solar  nebula,  and  partly  in  the 
special  planetary  nebula  whose  solidification  formed  the  earth. 

We  have  already  seen  that  the  meteorites  were  not  created 
before  the  ring  of  the  asteroids,  and  now  we  show  that,  at  the 
period  of  their  creation,  oxygen  had  not  yet  been  formed  in  sufi- 
cient  amount  to  oxidize  them.  Not  one-tenth  of  the  mass  of 
meteoric  matter  already  found,  probably,  indeed,  not  the  one- 
hundredth  part,  is  oxidized.  Sixteen  of  their  twenty  elements 
have  been  found  unoxidized.  Meteorites  exhibit  unmistakable 
evidences  of  having  been  deposited,  like  frost,  snow-flakes,  and 
hail,  firom  a  state  of  vapor.  In  this  state  of  vapor  their  simple 
elements  were  mixed  together  most  intimately,  as  now  appears 
firom  their  composition ;  and,  if  the  amount  of  oxygen  then  created 
had  been  sufficient,  all  their  elements  would  have  been  thoroughly 
oxidized.  To  exhibit  the  intimate  mixture  of  the  elements  before 
solidification,  and  while  yet  in  the  vaporous  condition,  I  have 
taken  the  pains  to  construct  the  following  table.  These  meteorites 
are  scattered  through  the  work  of  Dr.  Phipson  on  Meteoi*s,  who 
^ves  the  authorities.  The  first  column  contains  the  name  of  the 
looality  where  the  meteorite  fell ;  the  second  and  third,  the  time ; 
the  fourth,  the  number  of  elements  in  the  meteorite ;  the  remain- 
der, the  percentage  of  those  four  elements, — the  silica  fifth,  the 
magnesia  sixth,  the  lime  seventh,  and  the  alumina  eighth. 
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1 

2 

8 

4 

6 

6 

7 

8 

Juvenas 

1821 

June  18 

12 

49 

6 

10 

12 

North  America 

1827 

May  22 

16 

89 

22 

.7 

4 

Cape  Od.  Hope 

1888 

October  18 

19 

80 

22 

1 

2 

Brabant 

1840 

June  12 

14 

20 

15 

2 

4 

Utrecht 

1848 

June  2 

16 

89 

24 

1 

2 

Nordhausen 

1848 

September  16 

15 

88 

26 

2 

8 

Hungary 

1857 

April 

16 

84 

22 

.6 

6 

TransylTania 

1867 

October  10 

18 

86 

28 

trace 

.2 

Hungaiy 

1868 

May  19 

14 

41 

27 

.8 

2 

Louvain 

1868 

December  7 

12 

87 

24 

2 

8 

OrgaeU 

1864 

May  14 

17 

26 

17 

*    1 

1 

It  is  wonderful  how  many  of  the  twenty-one  meteoric  elements 
are  often  contained  in  the  same  small  stone ;  in  one  case  as  many 
as  nineteen.  Besides  the  above,  it  is  instructive  to  note  the  Brau«> 
nau  meteorite,  which  fell  July  14th,  1847.  The  number  of  its  ele- 
ments is  fourteen,  aU tmoxidked ;  they  are  as  follows:  phosphorus, 
sulphur,  carbon,  silicon,  chlorine,  magnesium,  calcium,  arsenic, 
manganese,  cobalt,  chromium,  copper,  nickel,  iron.  A  very  small 
meteorite,  described  by  Professor  Shepard,  weighed  only  half-an- 
ounce.  It  was  round,  and  slightly  pear-shaped,  and  contained 
seven  or  eight  elements,  all  unoxidized,  as  follows:  '* sulphur,  car- 
bon, cobalt,  tin,  nickel,  copper,  iron,  and  possibly  chromium." 
How  wonderful!  Here  is  a  meteor  with  the  weight  only  of  an 
ordinary  letter  we  send  to  the  post-office,  and  yet  it  contains  seven 
or  eight  elements  I  How  thoroughly  do  all  these  facts  show  the 
mixture  to  have  been !  The  same  truth  is  further  proved  by  the 
way  the  elements  are  associated.  In  some  meteorites  the  unoxid- 
ized portions  are  seen  as  small  specks,  often  merely  microscopic ; 
in  others  these  specks  are  seen  larger ;  in  others,  still  larger ;  and 
so  on  until  the  unoxidized  portion  is  the  larger  part  of  the  mass, 
and  at  length  it  forms  the  entire  mass.  All  this  is  in  conformity 
with  a  well-known  chemical  law,  that  the  more  easily  oxidizable 
elements  combine  first  with  the  oxygen,  and  when  they  are  satisfied 
then  the  oxygen  combines  with  those  less  easily  oxidizable.  In 
this  way  the  copper  on  the  bottom  of  a  ship  is  preserved  from  rust 
or  oxidation  by  fastening  on  the  copper  small  pieces  of  a  more 
easily  oxidizable  metal :  these  keep  up  the  oxidizing  process,  and 
the  copper  is  saved.  In  the  meteorites,  therefore,  it  was  conform- 
able to  law  that  some  elements  should  be  oxidized  before  others; 
but  if  the  oxygen  had  then  existed  in  sufficient  amount,  all  the 
elements  would  have  been  oxidized. 
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The  above  table  exhibits  the  fiirther  important  fact  that,  at  the 
period  of  the  formation  of  the  meteorites,  other  elements  besides 
oxygen  had  not  yet  been  created  in  the  same  proportions  as  they 
hare  since  been  created  in  our  earth.  The  magnesia,  for  instance, 
existed  then  in  amounts  nearly  as  large  as  silica,  and  far  in  excess 
of  lime.  In  our  earth  it  is  now  far  less  plentiful  than  lime.  The 
iron  also  was  in  great  excess  as  the  oxygen  was  deficient. 

These  facts  about  the  proportionate  amounts  of  the  elements 
then  created  are  of  the  same  order  as  the  still  greater  fact,  that 
about  forty  of  our  terrestrial  elements  had  not  then  been  created. 
Had  all  the  elements  of  our  earth  been  then  created,  doubtless  in 
that  thorough  commingling  of  elements  we  should  have  found 
them  all,  or  nearly  all,  in  the  meteorites ;  because  thousands  of 
meteorites  have  been  sent  down  as  specimens  to  inform  us  of  the 
elements  then  existing,  and  showing  us  thereby  the  great  and  sub- 
lime history  of  creation. 

All  these  numerous  facts  lead  us  to  believe  that  the  simple 
chemical  elements  —  mere  modifications  of  some  original  form  of 
matter  —  have  been  formed  successively  in  the  process  of  nebular 
condensation.  At  first,  in  the  outer  regions  of  the  solar  system, 
they  were  very  few  and  very  light.  Then  more  and  more  were 
brought  into  being,  of  a  denser  constitution,  both  in  the  general  solar 
and  in  the  several  planetary  nebulse.  The  means  by  which  they 
were  created  —  the  physical  forces  —  and  the  proofs  of  the  process, 
I  have  dwelt  on  at  length  in  "  The  Origin  of  the  Stars,"  sections 
13th  and  6th.  At  present  I  can  simply  point  out  how  this  view 
explains  the  large  collection  of  facts  in  this  paper. 

1.  When  the  solar  nebula  was  so  expanded  as  to  include  the 
orbits  of  the  outer  planets,  it  must  have  been  inconceivably  rare ; 
and  at  that  period,  accordingly,  the  rarer  elements  and  the  rarer 
planets  were  created.  Neptune,  Uranus,  and  Saturn  cannot  pos- 
sibly be  composed  of  such  elements  in  general  as  those  of  our 
globe.  Still,  such  rare  metals  as  are  lighter  than  water —  sodium, 
Uthinm,  and  potassium — may  be  there  combined  with  some  other 
gases  peculiar  to  those  planets,  but  not  with  oxygen  and  hydrogen. 
Metallic  potassium,  when  combining  with  oxygen  and  hydrogen  to 
form  the  dry  solid  hydrate  of  potassa,  undergoes  a  condensation, 
such  that  a  cubic  space  which  holds  430  atoms  of  metallic  potas- 
sium will  then  hold  700  atoms  of  potassium,  700  atoms  of  hydro- 
gen, and  1,400  atoms  of  oxygen :  2,800  atoms  in  all.  An  enoimous 
condensation,  say  from  430  ounces  to  2,800  ounces  in  the  same 
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space,  and  far  surpassing  those  planets.  I  have  already  pointed 
out  how  those  four  outer  planets  cannot  be  formed  even  of  the 
rare  gases  of  our  globe. 

2.  Because  oxygen  had  not  been  created  in  the  outer  regions  of 
the  solar  system,  the  meteors  coming  from  there  —  those,  for  in- 
stance, of  the  November  stream  —  are  all  unoxidized,  and  they  bum 
brightly  on  touching  our  atmosphere.  The  spectroscope  shows 
that  those  meteors  sometimes  consist  of  pure  sodium.  Scientific 
men  have  said  nothing  of  this  fact,  because  no  theory  in  the  books 
can  account  for  pure  metallic  sodium  in  the  meteors. 

3.  The  occasional  unoxidized  condition  of  at  least  sixteen  ele- 
ments in  meteorites  is  likewise  accounted  for  by  this  theory.  Oxy- 
gen had  not  yet  been  formed  in  sufficient  amount  to  combine  with 
them  all. 

4.  It  accounts  for  the  proportions  of  the  elements  in  meteorites 
so  different  from  their  proportions  in  the  earth;  such  as  the  excess 
of  the  iron  and  magnesia,  and  the  deficiency  of  the  lime  and  the 
oxygen. 

5.  It  accounts  for  the  small  number  of  elements  in  the  meteor- 
ites, only  about  twenty-one. 

6.  It  accounts  for  the  two  different  classes  of  meteors,  corre- 
sponding to  the  two  different  classes  of  planets ;  the  one  yielding 
light,  ashy,  or  phosphorescent  trails  in  the  air,  and  the  other  yield- 
ing heavy  meteorites  which  reach  the  ground. 

7.  It  accounts  for  the  forty  additional  elements  in  our  globe, 
created  since  the  meteorites  in  the  nebular  condensation  of  our 
planet. 

8.  It  accounts  for  the  vast  number  of  additional  elements  in  the 
sun.  The  fixed  line^  in  the  solar  spectrum  show  that  hundreds  of 
elements  have  been  formed  in  the  nebular  condensation  of  the  sun 
since  the  parting  of  our  earth  as  a  nebulous  ring. 

9.  It  accounts  for  the  vast  variety  of  the  simple  elements  in  the 
fixed  stars,  as  seen  in  their  dark  spectral  lines.  Although  all  have 
been  formed  from  the  same  general  diffusion  of  matter,  still,  in 
condensing,  each  one  has  varied  from  the  others  in  forming  its 
elements,  following  the  rule  that  no  two  objects*  in  creation  are 
alike. 

10.  This  theory  accounts  for  the  abnormally  rare  condition  of 
the  sun.  There  is  a  law  of  density  in  the  solar  system  which  the 
sun  does  not  yet  obey,  but  which  it  will  obey  hereafter.  The  law 
is  that  the  exterior  is  rare,  and  the  interior  is  dense.    The  interiors 


Digitized  by  VjOOQIC 


ll 


MA.THBHATICS  AND  ASTBONOMT.  146 

of  the  earth  and  of  the  other  planets  are  denser  than  their  ex- 
teriors. The  planets  are  denser  than  the  satellites,  because  the 
satellites  are  exterior.  The  interior  planets  toward  the  sun  are  far 
denser  than  the  exterior  planets.  The  sun,  according  to  law, 
ought  to  be  the  densest  of  all;  and  such  it  will  hereafter  doubtless 
be.  Now  it  is  the  only  live  body  in  the  system :  all  the  others  are 
dead  and  cold.  It  is  still  undergoing  the  process  of  condensation, 
which  process,  by  the  combination  of  its  elements,  produces  heat 
and  light.  New  elements  there  are  still  forming  and  combining 
as  they  once  did  in  our  planetary  nebula,  when  forty  new  elements 
were  wrought  out  which  are  not  in  the  meteorites.  The  volcanic 
heat  in  the  interior  of  our  globe,  and  the  ashy  constitution  of  its 
crust,  are  witnesses  of  the  fact.  When  the  sun  shall  attain  the 
normal  density  of  the  solar  system,  his  diameter  will  be  reduced 
about  one-half.    How  long  before  that  will  be  we  cannot  tell. 

We  cannot  tell  how  many  new  elements  are  yet  to  be  formed, 
nor  how  long  they  will  bum.  To  the  burning  of  even  those  now 
in  the  sun  we  can  set  no  limits.  The  dark  fixed  lines  in  the  solar 
spectrum  proclaim  hundreds  of  elements  to  be  there  of  whose 
properties  we  know  only  the  fact  that  they  can  send  out  a  most 
wonderful  supply  of  heat  and  light.  How  long  they  will  continue 
to  do  this  we  cannot  begin  to  guess.  There  are  astonishing  ex- 
tremes in  all  the  properties  of  matter.  Platinum  is  a  quarter  of  a 
million  times  more  dense  than  hydrogen.  Let  us  suppose  that 
some  of  the  solar  elements  can  give  out  a  quarter  of  a  million 
times  more  heat  than  charcoal.  A  charcoal  sun,  according  to 
accurate  calculation,  would  bum  about  5,000  years.  Multiply 
5,000  by  a  quarter  of  a  million,  and  we  have  1,250,000,000  years 
for  the  sun  to  give  out  his  present  rate  of  heat  and  light  by  burn- 
ing. We  do  not  say  that  the  solar  elements  can  give  out  exactly 
a  quarter  of  a  million  times  more  heat  than  charcoal.  We  only 
say  that  no  man  knows  how  much  heat  they  can  give  out ;  and 
therefore  we  have  not  a  particle  of  foundation  for  setting  any  limits 
more  or  less  to  the  duration  of  the  heat  from  burning  in  the  sun. 
To  scout  the  idea  of  a  real  burning  in  the  sun,  as  some  do,  on  the 
ground  of  the  insufficiency  of  solar  fuel,  appears  to  me  the  most 
unscientific  and  the  most  absurd  of  all  ideas.  There  is  a  rashness 
and  a  presumption  in  the  act  which  is  to  me  astonishing.  How 
do  you  know,  wise  objector,  how  long  the  elements  of  the  sun  can 
bum?  Plainly  you  know  nothing  about  it.  You  go  on  the  pre- 
sumption of  the  uniformity  of  matter.    A  charcoal  son  can  bum 
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only  5,000  years,  and  therefore  yon  infer  that  nothing  else  can 
bum  longer.  But  the  wonderful  diversities  of  matter  in  every 
respect — not  its  mere  uniformities  —  must  be  considered.  Water 
requires  twenty  times  more  heat  than  mercury  to  raise  its  temper- 
ature a  single  degree.  Mercury  melts  at  40  degrees  below  zero, 
and  platinum  at  30,000  degrees  above.  Oxygen  is  about  89  times 
more  diathermous  than  chlorine,  and  1,195  times  more  than  the 
gas  ammonia.  Rocknsalt  is  92  times  more  diathermous  than  Ice- 
land spar.  The  difference  of  the  heat-giving  powers  of  the  various 
elements  when  they  combine  is  beyond  computation,  some  being 
almost  or  quite  insensible,  and  others  bemg  many  thousand  times 
greater.  We  cannot  say  that  because  one  simple  element  is  a 
quarter  of  a  million  times  more  dense  than  another,  therefore  some 
elements  in  the  sun  can  give  out  a  quarter  of  a  million  times  more 
beat  than  any  in  our  earth ;  but  this  we  say,  with  the  utmost  con- 
fidence, that,  considering  the  wonderful  diversities  of  matter,  we 
cannot  set  limits  to  the  heat-giving  power  of  the  solar  elements. 
It  is  absolutely  nothing  to  say  that  about  a  dozen  of  our  terrestrial 
elements  are  seen  in  the  solar  spectrum.  We  must  rather  look  to 
the  hundreds  of  elements  peculiar  to  the  sun  when  we  estimate 
the  solar  power.  It  is  just  as  unscientific  to  say  that  the  extreme 
intensity  of  solar  heat  must  separate  rather  than  combine  the  ele- 
ments. This  divellant  power  of  heat  between  two  elements  is  also 
a  matter  of  degree.  Gold  and  oxygen  are  separated  by  a  small 
amount  of  heat.  No  furnace  can  separate  iron  and  oxygen,  or 
carbon  and  oxygen.  The  alkaline  metals  and  oxygen  were  sepa- 
rated by  Davy's  battery ;  but  how  much  of  that  was  done  by  heat, 
and  how  much  by  electric  and  magnetic  force,  we  know  not.  Even 
if  it  were  done  by  heat  alone,  we  cannot  say  that  the  peculiar  solar 
elements  can  be  separated  by  such  degrees  of  heat.  It  must  be 
remembered  that  all  the  probabilities  are  in  favor  of  the  chemical 
theory  of  solar  heat,  which  probabilities  and  positive  evidences  I 
have  detailed  in  about  two  hundred  pages  in  my  volume.  And 
if  we  reject  the  chemical  theory  we  have  no  theory  at  all.  The 
meteoric  theory,  once  so  prominent  among  scientific  men,  I  showed 
to  be  utterly  insufficient  in  my  paper  on  the  "  Mechanical  Theory 
of  Solar  Heat,"  in  the  "  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,"  for  the  year  1867.  Since  then,  although 
prominent  before,  the  meteoric  theory  has  been  no  longer  believed. 
Six  months  before  my  paper,  Eirkwood,  in  his  "Meteoric  Astron- 
omy," gave  his  decided  adhesion  to  the  meteorio  theory,  as  well  as 
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other  scientific  gentlemen  abont  that  time ;  six  months  after  the 
date  of  that  paper,  CroU,  in  the  «  Philosophical  Magazine,"  writing 
on  the  duration  of  solar  heat,  entirely  ignores  the  meteoric  theory. 
Perhaps  I  am  mistaken,  and  some  one  besides  myself  refuted 
that  theory  just  at  that  date :  if  so,  I  will  be  thankful  for  the 
information. 

While  the  theory  of  combustion,  or  the  burning  of  the  meteors  in 
the  air,  accounts  for  the  light  and  heat  of  the  great  majority  of  the 
shooting  stars,  it  does  not  account  for  all.  Some  meteors  are  com- 
posed of  oxidized  stones,  and  others  of  solid  masses  of  iron,  and 
these  plainly  cannot  bum.  Previous  to  the  burning  theory  devel- 
oped in  this  paper,  there  have  been  three  other  theories  for  the 
ignition  of  meteors.  The  one  of  these,  which  is  now  very  generally 
adopted,  ascribes  the  heat  to  the  friction  of  the  meteor  against  the 
air.  The  theory  of  latent  heat  seems  to  be  scarcely  known.  It  is 
founded  on  the  fact  that  the  air  contains  what  is  called  latent  heat. 
The  higher  and  the  more  rare,  the  greater  is  the  capacity  of  the 
air  for  latent  heat.  Therefore,  in  the  extreme  upper  regions  of  the 
atmosphere,  the  greatest  abundance  of  the  latent  heat  is  lodged.  It 
is  revived  and  rendered  sensible  by  the  compression  and  conden* 
sation  of  the  air  in  front  of  the  meteor  as  it  flies  along.  Hence 
meteors  ignite  at  very  great  heights ;  and  when  they  come  down 
to  the  denser  strata  of  the  atmosphere,  where  the  latent  heat  is  less 
abundant,  the  light  of  the  meteor  invariably  goes  out.  This  is 
proof  of  the  most  decisive  nature  in  favor  of  the  latent  heat  theory, 
and  against  the  friction  theory.  In  the  lower  and  denser  atmo&^ 
pheric  strata,  the  friction  must  be  the  strongest ;  and,  according  to 
the  friction  theory,  the  heat  and  light  should  be  the  most  brilliant. 
But,  instead  of  this,  these  strata  are  the  region  where  the  meteors 
suddenly  and  invariably  cease  to  shine.  Not  one  has  ever  been 
seen  to  come  incandescent  to  the  ground. 

It  cannot  be  maintained  by  the  advocates  of  the  friction  theory 
that  the  meteors  cease  to  shine  because  their  velocity  is  lessened 
by  the  friction,  or  because  they  are  vaporized  and  dissipated  by  the 
heat.  After  ignition,  the  meteor  becomes  dark,  and  reaches  the 
ground  without  showing  any  signs  of  dissipation.  A  vitrified  coat- 
ing is  occasionally  seen  on  the  meteorite,  but  nothing  lik«  a  general 
.  fusion,  nothing  to  indicate  in  any  way  an  approach  towards  entire 
vaporization.  Ko  lessening  of  the  velocity  is  seen,  and  none  can 
be  proved;  because  gravity  is  hastening  the  meteor  downward^ 
counteracting,  and  perhaps  more  than  counteracting,  the  retardation 


Digitized  by  VjOOQIC 


148  A.    HATHEMATICB,  PHY8ICB,.  AND   OHEHISTBT. 

by  fiiction.  This  is  especially  tme  when  the  meteor  is  seen  to  fill 
perpendicularly,  or  nearly  so,  as  it  often  does.  But  meteors  have 
been  known  to  fly  a  thousand  miles,  and  move  nearly  horizontally 
through  the  upper  region  of  the  air,  and,  if  their  path  keeps  them 
up  there,  they  shine  brightly  through  their  entire  course.  Neither 
do  they  show  in  all  this  distance  any  loss  of  velocity,  which  they 
should  do  if  fiiction  alone  be  the  igniting  cause. 

A  very  large  meteor,  on  July  20th,  1860,  passed  over  the  north- 
em  portion  of  the  United  States  for  a  distance  of  1,800  miles, 
coming  from  behind  the  clouds  westward  of  Lake  Michigan,  and 
passing  out  of  view  south-east  of  Nantucket,  over  the  Atlantic 
ocean,  without  seeming  to  become  extinct.  It  was  seen  from 
several  hundred  miles  on  both  sides  of  its  path,  and  its  elevation 
was  calculated  to  have  been  120  miles  over  Lake  Michigan  and 
41  miles  over  Rhode  Island.  Many  accounts  of  its  appearance 
were  collected ;  and  these  were  discussed  by  Professor  J.  H.  Coffin, 
LL.D.,  of  Lafayette  College,  in  a  valuable  paper  published  in  the 
^  Smithsonian  Contributions,"  vol.  zvii.  A  meteor  which  appeared 
August  18,  1783,  was  described  by  Dr.  Blagden  as  "  a  luminous 
ball,  leaving  a  train  behind,  and  yielding  a  prodigious  light."  It 
appeared  first  over  the  sea  north-west  from  the  Shetland  and 
Hebrides  Islands,  and,  passing  over  Scotland  and  England,  was 
last  heard  from  over  the  continent,  traversing  at  least  1,000  miles 
in  its  luminous  course.  Its  height  was  calculated  to  have  been 
"  about  57  or  60  miles."  (See  Dr.  Phipson's  work  on  Meteors, 
p.  19.)  The  continued  blazing  appearance  of  the  meteors  through- 
out their  courses  of  1,000  and  1,300  miles,  while  keeping  high  up 
in  the  air,  is  very  significant,  especially  when  contrasted  with  such 
instances  as  the  following,  where  the  meteors  are  suddenly  extin- 
guished when  coming  straight  downwards  in  the  dense  air.  A 
meteor,  as  brilliant  as  the  sun,  and  appearing  nearly  as  large,  was 
seen  November  15, 1859,  at  half  past  nine  o'clock,  am.  From  New 
York  it  was  southward,  and  from  Washington  it  was  eastward. 
Its  course  was  nearly  perpendicular,  and  it  must  have  fallen  near 
the  mouth  of  the  Delaware  Bay.  Its  height,  when  first  seen,  w&d 
120  miles ;  and,  as  it  shot  rapidly  downward,  it  became  extinct 
six  or  eight  miles  above  the  earth's  surface.  If  the  stone  was  red 
hot,  why  did  it  not  remain  red  hot  ahother  twinkling  of  the  eye  • 
until  it  reached  the  earth's  surface  ?  The  explanation  is  that  the 
stone  was  not  red  nor  whi{e  hot ;  but  that  the  compressed  air  in 
front  of  the  meteor  was  incandescent  from  giving  out  its  latent 
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heat.  Although  the  friction  was  greater,  there  was  less  latent  heat 
in  the  dense  lower  air,  and  hence  the  extinction  of  the  light.  No 
decrease  of  yelocitj  was  seen,  and  none  can  be  estimated,  espe- 
cially with  the  force  of  gravity  hurrying  the  meteor  downward. 
I  wUl  give  but  one  more  instance.  Mr.  Noyes,  of  Concord,  N.H., 
writes  as  follows  in  the  "  American  Journal  of  Science,"  No.  12, 
2d  series :  **  Sometime  in  October,  1840,  about  two  hours  after  sun- 
set, on  a  bright,  starry  evening,  I  stood  in  the  road,  south  of  my 
house  some  six  rods,  with  my  arms  resting  upon  the  fence,  and 
facing  south-west,  gazing  at  the  stars.  Whilst  looking  up,  almost 
perpendicularly,  I  saw  a  star,  or  fire-ball,  fall  a  considerable  dis- 
tance, and  then  become  extinct.  Some  little  time  after  I  heard  a 
noise  in  the  air,  such  as  a  falling  body  would  make,  and  imme- 
diately after  I  saw  a  small  body  strike  upon  the  top  board  of  the 
fence,  about  fifteen  feet  before  me,  and  glance  into  the  road  some 
six  feet,  then  bounding  and  rolling  along  several  feet  further. 
I  immediately  commenced  a  search,^'  &c.  The  stone  was  found; 
and  Professor  Silliman,  after  a  careftil  analysis,  pronounced  it  a 
true  meteorite.  Its  size  is  less  than  two  inches  in  any  diameter ; 
and  its  composition  is  a  tersilicate  of  magnesia  with  a  simple  sili- 
cate of  soda.  In  my  table  silica  and  magnesia  are  seen  to  be  the 
most  abundant  elements  of  meteoric  stones,  though,  of  course,  not 
of  the  unoxidized  metallic  meteorites.  But  the  chief  point  is  the 
&ct  that  it  came  down  perpendicularly,  and  its  light,  like  that  of 
all  other  meteors,  was  extinct  before  reaching  the  ground. 

Thus,  the  horizontal  and  the  vertical  flights  of  meteors,  when 
compared  together,  prove  the  fictional  theory  to  be  wrong.  How,  , 
then,  are  we  to  regard  the  mathematical  calculations  in  its  favor? 
These  have  been  done  by  eminent  men, — Thomson,  Joule,  Har- 
dinger,  and  Reichenbach,  —  and  they  cannot  be  passed  by  in 
silence.  I  will  try  to  show  that  these  gentlemen  have  neglected 
important  data. 

1.  They  assume  the  meteor  to  be  one  foot  in  diameter,  and  a  sec- 
tion of  144  square  inches  to  be  presented  to  the  air.  But  we  have 
just  read  of  an  incandescent  meteof  less  than  two  inches  in 
diameter,  and  hence  its  section  is  less  than  four  inches.  Between 
144  and  4  there  is^  a  wide  difference,  and  the  number  becomes 
more  enormous  when  we  reckon,  as  we  must,  the  squares  of  the 
velocities. 

2.  In  the  calculations  the  meteor  is  supposed  to  travel  39  miles 
in  a  second.    All  the  particles  of  air  struck  in  a  second  yield  a 
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definite  amount  of  heat,  which  is  enough  to  ignite  a  meteor.  But 
this  amount  of  heat  is  not  concentrated  in  one  spot,  but  strewed 
along  the  entire  distance  of  thirty-nine  miles. 

3.  The  flat  surfiswse  of  144  square  inches  is  supposed  to  strike  the 
air  with  the  entire  force  of  the  meteor's  velocity.  But  the  meteors 
are  irregular  and  roundish.  If  an  angle  does  not  project  in  fronti 
still  an  elastic  cushion  of  air  must  collect  in  front,  and  its  effect 
must  be  to  push  the  air  laterally  out  of  the  meteor's  course  less 
rapidly  than  the  meteor's  flight.  This  may  be  illustrated  by  a 
vessel  through  the  water,  —  the  sharper  the  bows,  the  less  the  re- 
sistance and  the  less  the  heat,  because  a  long,  tapering  cut-water 
can  remove  the  water  out  of  the  way  in  both  directions  more 
slowly  than  the  vessel's  speed.  This  is  the  secret  of  the  American 
clipper  ships.  In  the  case  of  the  meteor,  it  is  impossible  to  calcu- 
late the  effect  of  the  sharp  or  round  cushion  of  air  in  front,  and 
hence  impossible  to  calculate  the  frictional  heat. 

4.  The  meteor  loses  its  heat  through  every  inch  of  its  passage 
in  three  ways, — by  radiation,  by  conduction,  and  by  convection. 
In  winter  we  lose  our  warmth  the  more  rapidly  in  a  windy  day. 
Hence,  on  the  breezy  prairies,  the  traveller  perishes  more  quickly 
than  among  the  woods  and  valleys.  In  the  region  of  the  incan- 
descent meteors,  the  cold  is  at  least  200^  F.  below  zero,  according 
to  the  different  and  independent  methods  of  Espy  and  PouiUet. 
With  a  breeze  so  cold  of  39  miles  in  a  second,  which  is  the  sup- 
posed meteor's  flight,  how  is  it  possible  for  the  meteor  to  collect 
heat  in  its  front  by  friction  ?  The  frictional  heat  must  plainly  be 
scattered  widely  along  the  meteor's  path  of  89  nules  every  second 
by  conduction,  by  convection,  and  by  radiation.  We  can  easily 
see  how  soon  a  hot  meteor  must  be  cooled  in  such  a  passage;  but| 
even  allowing  an  increase  of  heat,  we  can  see  no  data  to  calculate 
its  precise  increase  of  heat  by  any  velocity.  I  beg  leave  to  say 
that,  in  following  the  common  frictional  theory  in  the  ^  Origin  of 
the  Stars,"  I  did  so  without  sufficient  reflection,  and  without  being 
aware  of  the  latent  heat  theory,  which  I  will  now  describe  and 
fiirther  develop. 

The  theory  of  the  luminosity  of  meteors,  not  by  the  friction,  but 
by  the  latent  heat  of  the  air,  was  begun  by  Poisson,*  applied  and 
illustrated  by  Sir  John  HerBchel,t  and  more  fully  developed  by 

•  Ann.  de  Chim.,  xzlii.,  841. 

t  OuUinea  of  Astronomy,  p.  617 ;  and  Edinbofgh  Beriew,  Jan.  1848,  p.  196. 
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Mr.  B.  y.  Marsh,  merchant,  and,  like  Benjamin  Franklin,  an 
amateur  scientist  of  Philadelphia.*  But  it  has  not  yet  been 
adopted,  that  I  am  aware,  by  any  writer  on  meteors.  This  total 
neglect  may  be  occasioned  by  the  serious  numerical  defects  of 
Poisson's  estimate,  as  shown  by  Marsh,  and,  since  Marsh's  masterly 
demonstration,  by  still  another  serious  defect,  which  I  will  now 
endeavor  to  supply. 

Mr.  Marsh's  clear  and  concise  course  of  demonstration  runs  as 
follows:  — 

Air  at  any  temperature  expands  ^^y  of  its  bulk  for  every  degree 
of  heat  of  Fahrenheit. 

Thus,     491  cubic  inches  of  air  at  82o  become 
492  „  „  88*^ 

49«  ,f  }i  o4 

that  is,  an  increase  of  one  volume  for  each  491^  of  heat.  Whence 
it  appears  that  — 

1  Yol.  of  air  at  82°  by  haring  its  temperature  raifled  491®  becomes  2  toIs. 
1  >»  w  >j  w  »"2  „         8     „ 

1  >»  f$  9t  jf  147o  „        4     „ 

But  about  I  of  the  heat  employed  in  expanding  the  air  becomes 
latent;  that  is,  of  every  491^  there  becomes  latent  144®.  There- 
fore it  follows  that  — 

Vol.  of  sir.  lAtsntbcat. 

1  at  32®  1^  haying  its  temp,  raised  491®  becomes  2  vols,  and  contains  144® 
1  „  „  ,,  982®       „        8         „  „         288® 

1  ,.  .,  „  1478®       „       4         „  „         482® 

and  so  on  indefinitely. 

The  same  amount  of  heat  becomes  latent  when  the  expansion 
of  the  air  is  produced  by  diminution  of  pressure.  Now,  any 
Tolume  of  air  at  the  earth's  surface  becomes,  by  diminution  of 
pressure,  two  volumes  at  the  height  of  8.43  miles;  and  four  vol- 
umes at  the  height  of  6.86  miles;  and  eight  volumes  at  10.29 
miles,  and  so  on ;  at  every  additional  8.43  miles  upward  the  volume 
of  air  is  doubled,  and  the  latent  heat  is  increased  144^  for  every 
additional  volume  of  air.    Hence  this  table :  — 


*  In  the  American  Journal  of  Science,  July,  1868. 
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Height  in 
milflt. 

Number  of  Tolamei  oor- 
Rsponding  to  1  Tolame 
ftt  the  iiufMe  of  the 
earth. 

N  nmber  of  degreei  of  Utent 
beftt. 

Latent 
beat  in  1 
Tolume  to 
neereet  de- 
gree. 

Number  of  gndne 
of  air  in  cyHnder 
1  mile  long  and  1 
foot  in  diameter. 

b«r  temu  of 
thiiMxtos. 

WeightatrarteM 

of  the  earth 
-  2842847  gralna 
»  884.89  poonda 
aToirdnpob. 

a.beliig»8.48. 

a». 

144(2»-1). 

«(¥) 

na. 

8.48 

2 

144 

72 

1171424 

6.86 

4 

482 

108 

686712 

10.29 

8 

1008 

126 

292866 

18.72 

16 

2160 

186 

146428 

17.16 

82 

4464 

189 

78214 

20.68. 

64 

9072 

142 

86607 

24.01 

128 

18288 

148 

18808 

27.44 

266 

86720 

148 

9162 

80.87 

612 

78684 

144 

4676 

84.80 

1024 

147812 

144 

2288 

87.78 

2048 

294768 

144 

1144 

41.16 

4096 

689680 

144 

672 

44.69 

8192 

1179604 

144 

286 

48.02 

16884 

2869162 

144 

148 

61.46 

82768 

471&148 

144 

72 

64.88 

66686 

9487040 

144 

86 

68.81 

181072 

18874224 

144 

18 

61.74 

262144 

87748692 

144 

9 

66.17 

624288 

76497828 

144 

4 

68.60 

1048576 

160994800 

144 

2 

102.90 

1078741824 

164618822612 

144 

Th 

187.20 

1099611627776 

168829674899600 

144 

Ss/l88 

171.60 
205.80 

1126899906842624 
1162921604606846976 

162129686686887712 
166020696668886964400 

144 
144 

1 

&497&/b1«88I 

This  table  shows  the  capacity  of  the  air  for  latent  heat  to  be  truly 
wonderful.  And  the  theory  is  that  heat,  at  these  very  high  degrees, 
becomes  sensible  when  the  air  is  compressed  in  front  of  a  meteor. 
The  heat  of  the  meteor,  therefore,  is  not  primarily  in  the  meteor 
itself,  but  in  the  air  in  its  front.  This  air,  by  its  extreme  intensity 
of  heat  is  incandescent,  and  it  bums  off  the  outer  layers  of  the 
meteor.  Mr.  Marsh  supposes  that  layer  after  layer  is  thus  vapor- 
ized until  the  meteoric  stone  or  the  metallic  mass  is  all  consumed ; 
except  in  a  few  cases  where  the  remnants  reach  the  ground.  But 
these  meteoric  stones  and  metallic  masses  which  reach  the  ground 
are  indeed  often  glazed  on  their  sur&ces,  but  they  exhibit  no  signs 
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of  being  the  mere  cores,  the  last  remains,  of  much  larger  vaporized 
bodies.  On  the  contrary,  I  have  tried  to  prove  that,  when  meteors 
are  consumed  at  great  heights,  it  is  by  combustion ;  a  real  chemical 
combination  of  their  elements  with  the  oxygen  of  the  atmos- 
phere. 

But  another  and  greater  defect  of  the  theory  is  that  it  takes  no 
cognizance  of  the  difference  between  the  capounty  of  the  air  for 
latent  heat,  and  the  actual  amount  of  heat  in  the  extremely  rarefied 
air.  The  actual  amount  of  heat  in  z  given  volume  of  air,  whether 
it  be  latent  or  sensible,  is  always  a  constant  quantity,  unless  ad- 
ditions be  made  from  without.  Latent  heat  is  really  the  con- 
version of  sensible  heat  into  quite  another  force,  that  of  repulsion. 
Bat  in  this  conversion  the  same  amount  of  force  is  conserved.  If 
the  air  be  vastly  expanded,  the  repulsion  is  developed  at  the  ex- 
pense of  the  sensible  heat ;  and  the  consequence  is  that  the  te/mr- 
percUure  of  ike  air  is  lowered  just  in  proportion  as  the  expansion, 
or  repulsion,  or, latent  heat  is  increased.  Therefore,  if  air  be  so 
expanded  that  the  repulsion,  or  latent  heat,  is  numbered  by  many 
millions  of  degrees,  then  the  temperature  of  that  same  air  is  lowered 
proportionately.  And,  when  by  compression  these  millions  of  de- 
grees of  latent  heat  are  again  rendered  sensible,  they  merely  raise 
the  extremely  low  temperature  of  the  air  to  its  condition  of  sensible 
heat  before  the  expansion.  The  hot  air  of  the  plains,  when  it 
ascends  the  mountain-tops,  becomes  icy  cold.  The  sensible  heat 
takes  the  form  of  repulsion :  it  is  latent.  And  when  the  same  air 
descends  on  the  other  side  of  the  mountain  to  the  plains  below, 
that  repulsion,  or  latent  heal<,  is  converted  back  again  into  pre- 
dsely  the  former  amount  of  senllsible  heat.  When  the  heated  air 
at  the  equator  rises  up,  it  ascends  to  the  top  of  the  atmosphere, 
according  to  the  generally  received  doctrine,  and  rapidly  passes  to 
higher  latitudes,  when  it  falls  and  returns  to  the  equator.  But, 
when  at  the  top  of  the  atmosphere,  its  temperature  must  be  low- 
ered to  correspond  with  all  Marsh's  figures  of  latent  heat;  and, 
when  the  same  air  descends  to  the  earl's  surface  in  higher  lati- 
tudes, its  latent  heat  raises  the  extremely  low  temperature  until 
the  amount  of  sensible  heat  is  the  same  again  as  it  was  at  the 
equator,  minus  what  was  lost  by  radiation  into  interstell&r  space. 
Therefore,  if  the  generally  received  ideas  of  the  constitution  of 
the  earth's  atmosphere  be  true,  Poisson's  theory  and  Marsh's 
demonstration  are  of  no  value  for  giving  luminosity  to  meteors. 
The  latter  gentleman  has  shown  that  at  the  height  of  200  miles  the 
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air  has  an  almost  infinite  capacity  for  heat  in  its  latent  state,  but 
he  has  not  shown  that  at  that  height  the  actual  amount  of  heat, 
latent  and  sensible  added  together,  is  any  greater  than  down  at  the 
ground. 

But  a  new  atmospheric  theory  has  been  given  to  the  world  by 
M.  Quetelet,  Directeur  de  V  Ob^ervataire  Boyal  de  Bdgique^  in  his 
work  ^Sur  la  Physique  du  Globe^^  published  in  1861.  He  sup- 
poses that  the  unstable  portions  of  the  atmosphere  rise  at  the 
warm,  and  fall  at  the  cold,  latitudes,  forming  but  a  yeiy  thin 
stratum;  but  that  above  this,  up  to  about  200  miles,  there  is  a 
stable  region  of  the  atmosphere,  very  rare  and  without  any  aerial 
currents.  Physicists  generally  seem  to  have  come  to  the  conclu- 
sion that  the  atmosphere  rises  to  the  height  of  200  or  more  miles, 
on  account  of  the  luminosity  of  meteors  at  such  lofty  altitudes. 
Two  questions  now  arise ; — first,  Does  M.  Quetelet  give  satisfactory 
proofs  of  the  existence  of  this  stable  region  of  atmosphere?  and, 
second.  Is  it  charged  with  heat,  both  sensible  and  latent,  so  as  to 
impart  luminosity  to  meteors  ?  I  have  not  seen  his  book,  but  it  is 
reviewed  by  two  critics  in  "  The  American  Journal  of  Science," 
January,  1868.  The  fHendly  critic  simply  delineates  the  theory, 
without  intimating  that  it  is  supported  by  proofs ;  the  adverse 
critic,  with  the  signature  S.,  —  Professor  Sullivan,  the  editor,  we 
suppose,  — writes  of  *^  these  novel  ideas  of  the  constitution  of  the 
atmosphere,  unsupported  as  they  are  by  experiment,  and  in  con- 
flict with  long-established  laws;**  and  again,  "views  which  seem  to 
us  unsustained  either  by  fact  or  sound  philosophy."  If  any  trust 
is  to  be  placed  in  an  adverse  criticism,  a  rather  venturesome  step, 
we  may  suppose  that  Quetelet  put  forth  his  views  as  a  mere  theory 
without  a  demonstration  in  its  favor.  Indeed,  such  a  demonstra^ 
tion  was  then  impossible;  for  Marsh's  tables  had  not  yet  been 
constructed.  Neither  did  Mr.  Marsh  say  aught  to  controvert  or 
remove  these  adverse  criticisms,  then  before  him,  against  a  theory 
which  is  absolutely  essential  to  the  truth  of  his  own  theory  of  the 
luminosity  of  meteors. 

But  I  am  happy  in  announcing,  first,  that  Quetelet's  theory  of  a 
lofty  stable  atmosphere  is  susceptible  of  absolute  proof;  and, 
secondfy,  that  its  temperature  cannot  be  permanenUy  lowered 
to  the  extreme  points  caused  by  the  abstraction  of  sensible  heat 
in  order  to  supply  the  latent  heat  of  Marsh's  tables.  The  proofi 
of  these  two  propositions  appear  in  this  way. 

First.    In  the  beginning  of  our  planet's  history,  when  it  was  aU 
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incandescenty  the  atmosphere  had  a  very  high  temperature.  As 
the  solid  globe  cooled,  the  atmosphere  also  cooled,  but  the  tem- 
perature, even  in  its  highest  and  rarest  region,  never  went  below 
its  present  standard  of  sensible  heat.  Consequently,  it  must  possess 
all  the  latent  heat  indicated  by  the  tables  of  Marsh,  without  any 
excessively  low  temperature  to  counterbalance  that  latent  heat. 

Secondly.  Without  going  back  to  the  primitive  history  of  our 
globe,  the  same  result  must  be  wrought  out  by  present  laws.  We 
may  suppose  all  the  air  heated  to  its  mean  temperature,  and  com- 
pressed to  within  a  few  miles  of  the  ground.  Then  if  this  pressure 
were  removed,  it  must  mount  up  about  200  miles,  and  the  latent 
heat  of  the  upper  strata  must  equal  the  tables  of  Marsh,  and  their 
temperature,  to  correspond,  must  be  inconceivably  low.  But  this 
low  temperature  of  the  upper  air  would  soon  be  raised  by  radia- 
tion from  the  earth,  and  from  interstellar  space.  This  radiation 
would  be  very  rapid,  because  radiation  is  always  the  more  rapid 
in  proportion  to  the  extreme  contrasts  of  temperature. 

Thirdly.  The  same  result  would  take  place  to-day  in  any  body 
of  air  at  the  equator  which  should  rise  up  200  miles  by  any  means 
whatever,  say  atmospheric  currents.  Then  would  occur  the 
abundant  latent  heat,  and  then  the  extremely  low  corresponding 
temperature ;  and  then,  before  the  body  of  air  could  travel  to  a 
high  latitude  to  descend,  its  low  temperature  would  be  rapidly 
raised  by  radiation,  as  in  the  case  before  supposed. 

But  the  great  fact  in  all  these  three  cases  would  be  this.  All 
the  upper  strata  above  thirty  or  forty  miles  could  never  come 
down.  The  upper  170  miles  would  necessarily  possess  millions  of 
degrees  of  latent  heat,  and  its  sensible  heat  would  be  abundant 
from  radiation  or  from  its  primitive  store.  Then  if  aerial  currents, 
or  atmospheric  conmiotions  of  any  kind,  should  bring  those  strata 
any  distance  down,  they  would  instantly,  on  account  of  increased 
pressure,  ^ve  out  sensible  heat,  and  thereby  expand  and  rise  up 
again.  The  fact  of  their  being  once  surcharged  with  so  much 
heat  would  keep  them  up  for  ever.  I  can  think  of  no  way  for 
those  upper  strata  to  come  down.  At  the  elevation  of  thirty 
miles,  the  latent  heat  amounts  to  73,000  degrees.  And  a  much 
less  degree  of  heat  must  be  enough  to  retain  those  strata  safely  in 
their  eternal  home. 

Therefore  the  atmospheric  theory  of  Quetelet  must  be  true. 
Poisson's  theory  of  the  luminosity  of  meteors  by  latent  heat  is  also 
true.    The  establishment  of  both  these  theories  is  mainly  due  to 
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the  powerful  demonstration  of  Marsh.  My  own  contribution  in 
pointing  out  defects  and  in  supplying  omissions  is  the  smallest 
part  of  all,  but  still  a  necessary  part.  Briefly  epitomized,  it  is  as 
follows.  First,  the  process  of  forming  millions  of  degrees  of  latent 
heat  must  produce  a  corresponding  low  temperature.  Second, 
this  low  temperature  must  be  raised  to  the  ordinary  standard  by  a 
radiation  very  rapid  on  account  of  the  extreme  contrasts  of  tem* 
perature  in  close  juxtaposition,  or  it  may  have  been  prevented  by 
the  remains  of  the  primitive  heat  of  the  globe.  Thirdly,  with  these 
millions,  or  even  with  a  few  thousand,  degrees  of  latent  heat,  the 
upper  aerial  strata  can  never  descend.  Therefore  it  must  be 
**  stable."  To  these  I  may  add  tliat  it  must  have  horizontal  cur- 
rents driven  by  the  incessant  Mction  of  currents  in  the  *^  unstable  " 
atmosphere  on  which  it  reposes  as  a  foundation.  Therefore  in  the 
middle  latitudes,  both  north  and  south,  there  must  be  a  broad 
current  to  the  east.  And  these  two,  by  fnction  again,  would  tend 
•to  carry  along  with  them  the  inclosed  belt  on  the  equator.  The 
drcumpolar  regions  must  be  somewhat  affected  in  the  same  way. 
Therefore,  the  diurnal  rotation  of  this  lofty  stable  atmosphere 
must  be  more  rapid  than  that  of  the  solid  globe. 

The  fourth  theory  of  the  luminosity  of  meteors  is  the  electric 
theory.  The  following  fiicts  imply  that  meteoric  light  may  be  in 
some  way  connected  with  the  play  of  electricity  on  the  sm&ce  of 
the  stable  atmosphere. 

During  the  great  auroral  display  of  September,  1858,  early  in 
the  evening,  at  Philadelphia,  I  was  deeply  impressed  with  the 
frequency  and  brilliancy  of  meteors.  Connected  as  they  were 
with  the  magnificent  electric  motions,  they  seemed  Uke  that  form 
of  electric  movement  called  ball  lightning.  This  form  is  mentioned 
by  Mr.  Bradley,  in  these  *< Proceedings"  of  last  year,  in  his  piq>er 
on  the  "Aurora  Borealis."  But  I  have  never  seen  ball  lightning, 
and  know  no  one  who  ever  has.  Nor  have  I  had  time  to  search 
and  learn  whether  it  is  any  thing  but  an  oft  repeated  myth. 

^  The  aurora  borealis  was  unusually  brilliant  on  the  occurrence 
of  the  splendid  fall  of  meteors  of  the  12th  and  18th  of  November, 
1888,  described  by  Olmsted.  It  was  also  observed  at  Bremen,  in 
1838,  during  the  periodic  meteor  fall"  (Cosmos,  voL  11,  p. 
114). 

"Admiral  Wrangel  frequently  mentioned  to  me,"  says  Hum- 
boldt {ibid),  "  that  when  he  was  on  the  Siberian  coast  of  the  Polar 
Seai  he  observed,  during  an  aurora  borealis,  certain  portions  of  the 
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vault  of  heaven,  which  were  not  illaminated,  light  up  and  continue 
luminous  whenever  a  shooting  star  passed  over  them." 

**  On  the  10th  of  August,  1852,  a  great  number  of  shooting  stars 
were  observed  by  Quetelet,  Bouvy,  and  Dupr^  at  Brussels  and 
Ghent.  At  both  stations  the  observers  remarked  certain  instan- 
taneous illuminations,  similar  to  electric  radiations,  which  shot 
through  the  air  from  time  to  time  "  (Phipson  on  Meteors,  p.  202). 

More  &cts  than  these  are  necessary ;  but,  as  far  as  they  go,  they 
lead  to  the  idea  that  the  lights  of  meteors  are  sometimes  rendered 
more  brilliant  by  the  electric  fluid  on  the  top  of  the  atmosphere, 
and  that  this  fluid  is  occasionally  made  luminous  by  the  swift  pas- 
sage of  meteors.  This  field  of  research,  however,  promises  valuable 
new  truths,  especially  on  the  electric  constitution  of  the  atmos- 
phere. 

I  have  already  proved  that  there  is  a  constant  and  daily  flow  of 
electricity  over  our  heads  from  north  to  south  along  the  top  of  the 
atmosphere ;  and  that  there  is  an  electric  envelope  resting  on  the 
atmosphere,  the  same  as  the  atmosphere  rests  on  the  liquid  and 
solid  envelopes  below.  Our  globe  is  in  fietct  a  great  electric  ma- 
chine, and  its  prime  conductor  is  the  outer  surfetce  of  the  atmos- 
phere. It  liberates  free  electricity  by  the  evaporation  of  the  saline 
waters  of  the  ocean.  As  this  vapor  moves  towards  the  poles,  and 
falls  from  time  to  time  as  showers,  it  leaves  the  electricity  in  the 
air,  much  of  which  also  falls  as  lightning.  But  the  aerial  currents 
of  the  unstable  atmosphere  are  constantly  arriving  in  polar  lati- 
tudes where  there  are  no  showers  and  no  lightning,  and  where  the 
electric  fluid  rises  up  170  miles  daily,  as  the  aurora  borealis  and 
the  aurora  australis,  to  the  top  of  the  stable  atmosphere.  There  it 
accumulates  on  that  great  prime  conductor,  and  moves  toward  the 
equator.  The  two  strata  of  free  electricity,  moving  in  opposite 
directions, — the  lower  in  the  unstable,  and  the  upper  on.  the  sur- 
fiice  of  the  stable  atmosphere, —  are  about  170  miles  apart.  What 
becomes  of  this  free  electricity  daily  accumulating  on  the  great 
globular  prime  conductor?  Does  it  radiate  off  into  empty  space, 
—  to  our  lifeless  satellite,  for  instance  ?  The  passage  of  meteors, 
if  carefrdly  observed,  may  teach  us  much  on  these  and  other 
points. 

These  views  detract  much  from  the  weight  of  Mr.  Marsh's  the- 
ory that  the  upper  electric  currents  follow  the  lofty  magnetic 
curves.  How  shall  we  distinguish,  as  far  as  appearances  go,  be- 
tween the  rising  cf  a  current  in  the  magnetic  curves,  and  the  rising 
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of  a  current  to  the  top  of  the  stable  atmosphere,  200  miles  at  least, 
and  whose  limit  is  not  yet  known  ? 

I  came  to  the  conclusion  that  this  southward  stream  of  elec- 
tricity, the  aurora  borealis,  is  a  continuous  daily  stream,  in  this 
way.  In  passing,  at  different  times,  from  Philadelphia  to  Canada, 
and  in  spending  the  sunmier  yacations  at  different  places  in  those 
cool  provinces,  I  observed  that  the  auroral  lights  were  more  fre- 
quent in  Montreal  than  in  Philadelphia;  that  at  Quebec  they  were 
more  frequent  than  in  Montreal ;  and  that  at  Grand  Bay,  sixty 
miles  up  the  Saguenay  River,  they  were  more  frequent  than  at 
Quebec.  They  were  so  frequent  at  Grand  Bay  and  Chicoutimi, 
120  miles  north  of  Quebec,  from  my  own  observations  "and  the 
testimony  of  residents  there,  that  I  judged  they  must  be  nightly 
a  few  degrees  further  north.  By  making  researches  among  the 
reports  of  travellers  and  temporary  residents  in  high  northern 
latitudes,  I  found  this  to  be  true.  In  this  way  the  theory  for  the 
necessity  of  a  constant  daOy  flow  of  electricity  southward,  over  the 
top  of  the  stable  atmosphere,  perfectly  agreed  with  actual  obser- 
vation, by  several  com'petent  persons,  of  such  daily  flows.  This 
result  I  embodied  in  a  paper  on  the  "  Auroral  Display  of  April, 
1869,'*  published  in  the  "  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,"  in  August,  1869. 

Professor  Loomis,  of  Tale  College,  had  published  in  the  "Amer- 
ican Journal  of  Science,"  and  elsewhere  at  different  times  during 
ten  years  previously,  a  circumpolar  map  with  colored  zones  show- 
ing the  frequency  of  the  aurora  borealis,  at  different  northern  lati- 
tudes; and  the  colored  zone  of  greatest  frequency  gave,  on  an 
average,  eighty  auroral  displays  per  annum.  I  mention  his  name 
because  he  is  a  prominent  writer  on  the  aurora  borealis,  and  a 
good  representative  of  the  doctrine  formerly  current.  In  my 
paper,  I  pointed  out  the  error  of  himself  and  of  many  others ;  and, 
just  one  year  afterwards,  —  at  the  meeting  of  this  Association  in 
Troy,  1870,  —  I  was  happy  to  see,  in  an  elaborate  paper  on  the 
aurora,  that  Professor  Loomis  had  adopted  my  views  of  daily, 
or  rather  nightly,  displays.  His  paper  was  published,  the  next 
month,  in  the  "American  Journal  of  Science."  Whether  his 
new  views  had  been  derived  from  my  own,  or  whether  he  had 
come  to  the  same  conclusion  independently,  he  did  not  say,  aa 
he  did  not  refer  to  the  change  of  his  opinions. 

In  beginning  this  paper  on  the  long  persistence  of  meteorio 
trails,  I  spoke  of  the  discussion  as  altogether  new  to  science.    But 
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I  did  not  then  think  of  treating  fully  of  more  than  one  of  the 
theories  of  meteoric  luminosity,  —  that  of  combustion. 

In  describing  the  Four  Great  Eras  of  Modem  Astronomy,  I 
pointed  out  the  new  and  wide  fields  of  research  opened  by  this 
fourth  era.  This  paper  on  Meteors  is  an  illustration  of  these 
views ;  for  its  principal  new  truths  flow  mainly  fi:om  a  considera- 
tion of  the  nebular  theory. 


n.    PHYSICS    AND    CHEMISTRY. 

1.  A  Discussion  ok  Pebtubbatiok  of  Forces.    By  Jahes  D. 
Wabneb,  of  Brooklyn,  N.  Y. 

By  Perturbation  of  Forces  is  meant  a  disturbance  of  the  static 
forces  (the  tensions  and  diatensions)  of  matter,  by  which  a  mass,  a 
molecule,  or  an  atom  (ultimate)  is  held  in  equUibrio  in  space,  either 
at  rest  or  in  some  regular  path. 

A  material  substance  is  found  capable  of  yielding  or  imparting 
any  motion  which  it  may  have,  and  capable  of  receiving  motion. 
The  first  is  its  **  Power  of  Activity,"  or  its  capability  of  exerting 
power  or  energy ;  the  other  is  its  "  Power  of  Passivity,"  or  its  capa- 
bility of  being  impressed  by  power  or  energy. 

An  "Exertion  of  Power"  is  necessary  to  produce  an  effect  or 
motion,  or  change  of  motion.  The  cause  is  a  Force,  or  Forces ; 
the  effect  is  Motion.  Forces  always  produce  motion,  unless  there 
is  a  balance  of  antagonistic  forces,  in  which  case  we  have  the  static 
or  equilibrated  state  of  matter ;  but  this  may  still  be  treated  as 
motion  by  considering  it  the  algebraic  zero  of  motion. 

No  effect  is  performed  or  executed  in  an  instant;  hence  the 
element  of  Time  must  necessarily  be  considered.  In  other  words, 
to  ^ve  birth  to  Exertions  of  Powers,  or  Energies,  and  render  them 
living  or  effective  powers  or  energies,  intervals  of  time  must  be 
ooniddered. 

Corollary :  Matter  cannot  be  continuous,  or  else  all  matter  would 


Digitized  by  VjOOQIC  


160  A.    HATHBICATICS,  PHYSIOS,  AND  CHEMZ8TBT. 

either  move  instantaneously  or  not  at  all,  by  an  Exertion  of 
Power. 

Since  matter  is  not  continaous,  there  is  an  interval  of  time  for 
the  transference  of  motion  from  atom  to  atom :  this  is  a  constant 
quantity  for  equal  distances,  or  at  least  constant  for  each  element 
in  its  several  states  or  conditions. 

Since  motion  is  uniformly  progressive,  there  must  be,  at  the 
commencement  of  transference  from  one  atom  to  the  next,  a  stop 
or  stay  in  the  motion  before  the  ultimate  becomes  fully  impressed 
by  the  force  and  moves.  This  constitutes  a  force  of  resistance, 
and  is  called  "Inertia,"  or  " Force  of  Inertia."  As  motion  is  com- 
municated from  ultimate  to  ultimate,  all  bodies  develop  Inertia  in 
proportion  to  their  mass. 

The  exertion  of  power  must  also  have  intensity  as  well  as  dura- 
tion. ' 

Force,  in  causing  motion,  is  modified  by  the  mass  upon  which 
the  energy  is  exerted,  and  each  atom  must  store  an  equal  quantity 
(unless  there  is  a  distortion  of  the  mass),  and  the  force  will  exhibit 
itself  in  the  mass  aggregatively  as  momentum  which  is  measured 
by  the  effect  it  will  produce.  It  is  also  modified  in  its  action  when- 
ever the  velocity  of  the  motion  is  in  excess  of  the  velocity  of 
the  constant  in  which  motion  is  capable  of  being  communicated 
from  atom  to  atom. 

The  direction  in  which  a  force  acts,  in  its  tension  or  diatension 
(the  minus  of  tension),  has  always  been  considered  to  be  coinci- 
dent with  the  resultant  or  direction  of  motion,  in  case  motion  is 
produced.  Between  the  centres  of  gravity  of  masses,  the  liiles  of 
forces  or  tensions  may  not  be  in  straight  lines,  but  be  curvilinear, 
and  such  that  the  axes  of  the  curves  will  be  straight  lines  between 
the  centres  of  gravity.  The  Magnetic  lines  of  force  certainly 
seem  to  be  curvilinear,  as  the  arrangement  of  iron  filings  between 
the  poles  seems  to  indicate.  Tyndall  and  Faraday  have  both 
written  about  the  weaker  lines  of  force  between  the  magnetic 
poles.  And  their  experiments  on  magnetism  and  diamagnetism 
show  that  these  lines  of  force  are  varied  by  the  substance,  shape, 
and  structure  of  the  substance.  Again,  Faraday  alludes  to  these 
lines  of  tensions  or  forces  when  he  says :  "  That  we  know  no  more 
of  the  physical  nature  of  the  electric  lines  of  force  than  we  do  of 
the  physical  nature  of  the  magnetic  lines  offeree."  In  the  experi- 
ment where  a  whirling  coin  is  placed  between  the  poles  of  a  battery, 
the  whirling  must  be  arrested  by  the  exertion  of  Hiese  forces,  and 
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not,  as  supposed,  by  the  flow  of  an  assumed  invisible  and  intangible 
current.  Again,  the  resistance  by  moving  a  saw  between  these 
poles  is  the  action  of  these  forces,  as  the  current  (which  is  assumed) 
would  be  so  nearly  immaterial  as  to  be  incapable  of  producing  so 
much  effect  as  to  be  perceptibly  felt.  The  Induced  Currents,  and 
the  silent  yet  distant  passage  to  points  of  electricity,  are  actions  in 
directive  lines  of  forces.  Crystallization  is  effected  by  these  lines 
offeree.  Polarization  of  Light  is  also  caused  by  the  directive  or 
elective  lines  of  force ;  and  these  elective  lines  of  force  may  be 
interfered  with  by  other  forces,  as  exhibited  in  the  passage  of  light 
through  heated  or  unannealed  glass.  In  Chemistry,  selection, 
combination,  reaction,  allotropism,  active  and  passive  states,  may 
need  for  a  better  understanding  a  knowledge  of  the  various  varia- 
tions in  the  lines  of  force  or  tensions.  Difference  of  colors  and 
action  of  light  may  need  for  a  complete  explanation  the  resolution 
of  the  lines  of  force. 

Attraction  and  Repulsion  are  opposing  physical  forces  belonging 
to  all  substances :  assuming  that  the  only  line  of  force  coincides 
with  the  resultant  effect,  repulsion  cannot  be  taken  as  the  negative 
of  attraction,  or  else  the  common  law  of  attraction, — viz.,  that  the 
product  of  the  intensity  into  the  square  of  the  distance  is  always 
a  constant  quantity,  —  holds  good  when  one  factor,  the  intensity, 
becomes  negative,  which  would  be  absurd. 

Again,  from  the  above  law,  the  great  amount  of  energy  displayed 
in  atomic  combination  can  be  deduced;  but  in  repulsion  at  the 
same  distance  we  may  have  equally  as  great  energy,  and  again  at 
many  other  distances  we  have  little  or  no  repulsion.  Some  physicists 
have  assumed  that  there  are  two  classes  of  elements,  one  repulsive 
and  the  other  attractive ;  but  we  find  by  a  change  of  state  that 
there  is  a  change  in  each  of  these  forces :  as  there  has  been  no  change 
of  elements,  this  assumption  is  evidently  untenable.  There  remains, 
then,  no  other  conclusion  but  that  attraction  and  repulsion  are  two 
distinct  forces,  having  distinct  opposing  lines  of  direction ;  or  if 
these  lines  of  forces  or  tensions  of  attraction  and  repulsion  are  an 
exhibition  of  but  one  general  force,  then  they  are  of  such  complex- 
ity as  to  give  reversals  of  effects  at  various  distances. 

All  the  lines  of  force  or  tension  in  a  homogeneous  medium  are 
affected  by  any  disturbance,  but  those  whose  directions  coincide 
most  nearly  with  the  direction  of  the  motion  causing  disturbance 
will  be  most  affected ;  and  the  more  rapid  the  motion,  the  greater 
will  be  this  difference.    Hence,  as  a  result,  the  most  sensible  motion, 
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or  the  greatest  effect,  will  continue  in  straight  lines  in  the  same 
direction  as  the  motion.  With  extreme  velocity,  the  lateral  effect 
is  sensibly  lost. 

Lines  of  force  not  being  effects  may  change  instantly  in  direction. 

If  a  material  substance  be  moved  in  any  homogeneous  medium,  the 
direction  of  all  the  lines  of  force  acting  upon  it  will  be  changed ; 
when  moved  with  a  nearly  infinite  velocity,  the  substance  will  not 
be  affected  by  variations  in  energy  on  account  of  its  change  of 
position,  but  the  original  assumed  forces  will  arrest  the  motion  and 
cause  it  to  return;  having  acquired  a  momentum,  it  will  pass  the 
original  starting-point ;  and  now,  having  the  same  conditions  as 
were  first  assumed,  it  will  have  a  similar  movement,  and  this  will 
continue,  and  we  will  obtain  a  continuous  vibratory  motion. 

The  effect  of  this  movement  upon  ultimates  will  be  such  as  to 
change  the  forces  acting  upon  surrounding  ultimates :  these  ulti- 
mates will  thus  become  an  agent  for  communication  of  motion. 
This  will  give  us  vibrations  producing  Sieat. 

If  the  variations  in  these  lines  offeree  be  so  nearly  instantaneous 
as  to  give  no  translation  of  the  ultimate,  there  will  yet  be  a  varia- 
tion in  the  direction  of  the  lines  of  the  forces  by  which  the  sur- 
rounding ultimates  hold  this  ultimate  equilibrated;  and  these, 
for  the  same  reason,  will  act  upon  others,  and  thus  we  will  have  a 
thrill  or  tremor  without  translation,  giving  us  the  phenomenon  of 
JLight. 

Whenever  the  velocity  is  such  as  to  allow  a  transference  of 
motion  from  atom  to  atom,  we  will  have  the  phenomenon  of  Sound. 

Light  is  only  made  known  to  us  by  the  eye,  which,  by  its  pecu- 
liar structure,  changes  the  directions  of  the  lines  of  force  or  ten- 
sions so  that  several  of  the  alternate  signs  of  the  perturbations  are 
changed,  and  this  increases  the  length  of  time  of  action  upon  the 
nerves  of  the  eye,  so  as  to  produce  a  vibration  of  atoms.  The  eye 
thus  becomes  an  instrument,  measuring  the  vibrations  not  accord- 
ing to  actual  measurement,  but  proportionally.  It  may  be  for 
the  same  reason  —  that  is,  of  degrading  the  motion  —  that  heat 
of  great  intensity  is  found  to  be  innocuous  in  its  effect  upon  the 
eye,  as  shown  by  late  experiments  of  Tyndall.  The  proportional 
degradation  of  the  actinic  rays  is  such  as  will  not  bring  them 
within  the  scope  of  sensibility. 

It  will  be  seen  that  I  do  not  ascribe  to  light  transverse  vibra- 
tions. I  see  no  reason  for  assuming  them  to  be  transverse,  except 
that  a  possible  explanation  of  polarized  light  may  be  given.    Polar- 
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ized  light,  I  assume  to  be  caused  by  interior  reflection  upon  the 
fkceta  of  the  innumerable  atoms  of  various  crystals  by  which  the 
direction  of  the  lines  of  force  are  so  changed  that  the  eye  manipu- 
lates all  the  rays  whose  directions  of  lines  of  force  coincide  with 
axis  X  (in  Cartesian  co-ordinates),  but  does  not  those  coinciding 
with  axis  Y.  Rotating  these  axes  upon  axis  Z,  the  ey^  will  manip- 
ulate those  of  Y,  but  not  those  of  X. 

The  above  are  a  few  suggestions  for  the  purpose  of  arriving  at  a 
theory  of  perturbations  more  consistent  with  the  laws  of  Mechanics 
than  the  present  theory  of  perturbations  producing  Light,  Heat, 
and  Sound.  I  refer  more  particularly  to  those  parts  of  the  theory 
which  assert  that  a  substance  called  ether  is  supposed  to  exist ;  also, 
that  the  perturbations  producing  light  are  transverse;  and,  also, 
that  there  is  transmission  without  retardation  or  interference  only 
when  the  Waves  are  of  equal  length. 

First,  then,  in  regard  to  ether.  No  physicist  has  undertaken  to 
explain  what  ether  is  without  having  been  compelled  to  ascribe 
to  it  properties  varying  entirely  from  all  known  substances.  For 
instance,  its  density.  Some  have  supposed  it  extremely  rare,  and 
that  it  permeates  all  other  substances.  If  so,  how  can  it  acquire  so 
much  momentum  as  to  communicate  its  motion  to  such  great  dis- 
tances as  those  to  which  we  sometimes  find  light  has  been  trans- 
mitted ?  Others  suppose,  in  order  to  overcome  this  objection,  that 
it  is  very  dense.  If  so,  why  is  it  not  retarded  by  other  substances, 
and  the  vibrations  changed  to  vibrations  of  heat? 

Second,  in  regard  to  transverse  vibrations.  How  are  we  to  con- 
ceive the  atoms  to  pass  through  the  axis  without  interfering  with 
each  other?  Also  the  greater  motion  being  in  a  lateral  direction 
or  transverse  to  the  axis  of  motion  or  vector  ij  it  must  become 
direct  motion  in  the  plane  of  the  versor  i ;  or,  supposing  it  to  have 
an  advance  motion  in  the  direction  of  vector  i^  the  resultant  effect 
would  be  direct  motion  coinciding  in  direction  with  the  surface  of 
a  cone  of  one  nappe,  with  axis  vector  ly  and  opening  in  a  positive 
direction. 

Third,  in  regard  to  transmission.  The  theory  of  transmission 
has  been  assumed  to  correspond  with  the  rippling  of  water  when 
the  sur&ce  has  been  disturbed.  The  surface  atoms  are  not  in 
an  equilibrated  state  in  regard  to  the  tensive  forces.  To  trace 
the  effects,  we  should  go  below  the  waves ;  also  any  heaping  up  of 
the  atoms  of  a  mobile  substance  causes  this  portion  to  preponder- 
ate in  weight  over  the  lesser  elevated  surrounding  portions.    To 
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obtain  equilibrium,  the  elevated  portion  will  descend ;  in  descend- 
ing, the  atoms  underneath  are  pushed  out  laterally,  and  wedge 
up  those  above  mentioned,  which  were  the  lesser  elevated ;  having 
motion,  they  will  acquire  momentum,  which  will  carry  all  beyond 
their  points  of  equilibrium,  and  this  will  produce  results  similar  to 
the  condition  first  assumed,  and  this  again  a  similar  disturbance  with 
similar  results  and  continuance.  The  paths  of  the  surface  atoms  will 
be  in  perpendicular  lines.  Those  underneath  will  be  in  downward 
and  outward  curves  from  these  lines,  as  they  must  move  and  commu- 
nicate motion  to  adjacent  atoms,  so  as  to  cause  displacement  with 
a  certain  constant  velocity  for  equal  times;  and  as  the  force  of 
gravity  gives  perpendicular  motion  according  to  a  certidn  constant 
law,  it  follows  that  as  the  perpendicular  paths  of  the  surface  atoms 
shorten,  their  divergence  from  the  perpendicular  is  in  a  larger  curve, 
and  the  length  of  these  curves  is  greater.  Hence,  as  the  amplitude 
decreases,  the  waves  lengthen.  This  does  not  correspond  with  the 
known  facts  relating  to  light,  heat,  and  sound. 

Also  in  regard  to  interference  of  waves  of  different  lengths, 
when  any  two  waves  coincide  (in  conjunction  or  opposition),  there 
must  be  a  resultant  as  much  when  they  are  of  different  lengths  as 
if  they  were  of  equal  lengths.  This  resultant,  when  once  formed, 
is  irresolvable  into  its  original  components.  The  senses  may 
resolve  them  into  metrical  factors  according  to  some  systematic 
law,  which  is  the  result  of  education. 


2.  Thb  Law  of  Electric  Cubbekts.    By  E.  B.  Eluott,  of 
Washington,  D.  C. 

(Abstract.) 

Thb  law  of  the  action  of  elements  of  electric  currents,  as  com- 
monly given,  assumed  that  the  action  was  invariably  in  the  direc- 
tion of  the  ideal  line  which  connects  the  elements.  This  view 
Mr.  Elliott  deemed  too  limited  and  incomplete,  the  more  complete 
statement  of  the  law  demanding  action  in  various  directions  in 
space,  according  to  the  varying  relative  directions  of  the  elements* 
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The  restricted  law,  as  ordinarily  given,  was  inconsistent  with  the 
generally  acknowledged  principle  of  the  conservation  of  force, 
whereas  the  completed  statement  now  given  was  in  full  accord 
with  this  principle. 

The  incoiiipleteness  of  the  law  of  electric  action,  as  hitherto 
given  and  known  as  that  of  Ampere,  had  been  asserted  by  the 
eminent  English  electrician,  Faraday,  who  was  obliged  to  super- 
add to  it  another,  which  he  called  the  law  of  angular  forces.  The 
complete  law,  as  now  proposed,  embraced  in  one  simple  expression 
all  that  was  essential  to  the  incomplete  law  of  Ampere,  and  the 
supplemental  law  of  Faraday. 

The  paper  was  illustrated  by  diagrams  and  analyticfd  formulsB. 


3.  On   soics  Impbotsmbnts  m  the   BsFLBCTrNra  Telescope. 
By  J.  A.  Hnx,  of  Greencastle,  Indiana. 

It  may  not  be  amiss  briefly  to  refer  to  a  few  points  in  the  past 
history  of  reflecting  telescopes,  for  the  purpose  of  showing  the 
gradual  process  of  development  which  they  have  undergone,  and 
the  many  obstacles  which  have  presented  themselves  from  time  to 
time,  in  the  efforts  to  increase  the  power  and  utility  of  such  instru- 
ments; and  also  to  show  more  clearly  the  relationship  sustained 
by  the  plan  which  we  now  propose  to  the  various  others  which 
have  preceded  it. 

From  the  time  when  James  Gregory  and  Sir  Isaac  Newton  pro- 
posed the  arrangements  of  mirrors  and  lenses,  which  have  since 
borne  their  names,  to  the  present  time,  the  success  has  indeed 
been  most  gratifying :  as  witness  the  marked  improvements  which 
have  taken  place  under  the  direction  of  Short,  Mudge,  Edwards, 
Herschelf  Bosse,  and  others ;  the  one  or  the  other  of  these  forms, 
or  their  various  modifications,  taking  precedence  in  popular  favor 
accordingly  as  they  were  adopted  and  improved  from  time  to  time 
by  the  ingenious  men  just  mentioned. 

But  to  the  elder  Herschel  we  are  indebted  for  the  production  of 
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the  first  telescopes  which,  passing  all  previous  limits,  were  made  of 
seven,  ten,  twenty,  and  finally  of  forty,  feet  focal  length. 

Yet  this  latter  instrument  was  liable  to  two  important  objections, 
viz.:  first,  the  large  and  very  heavy  tube  to  contain  speculum, 
eye-piece,  &c^  requiring  a  very  complex  and  unwieldy  structure 
to  give  the  proper  support  and  motions  to  the  tube,  and  also  to 
enable  the  observer  to  follow  the  eye-piece  from  point  to  point, 
this  being  placed  at  the  upper  end  of  the  tube  in  this  construction ; 
and,  second,  the  want  of  reflective  power  in  the  speculum.  With 
the  kind  of  mould  then  in  use  it  was  not  possible  to  successfully- 
cast  specula,  of  true  speculum  metal,  of  any  considerable  size; 
hence  the  metal  used  in  this  large  reflector  was  inferior  in  quality, 
.  having  less  reflective  power  and  more  liable  to  tarnish  than  that 
employed  in  the  smaller  and  more  perfect  instruments. 

Here,  then,  we  find  the  limit  was  reached  at  that  time  in  size, 
or  rather,  should  we  not  say,  was  exceeded,  considering  the  inferior 
quality  of  this  monster  telescope. 

Your  minds  will  now  at  once  revert  to  the  subsequent  labors  of 
that  ingenious  nobleman,  the  Earl  of  Rosse,  one  of  the  main  results  , 
of  whose  numerous  experiments  was  the  construction  of  a  mould, 
by  means  of  which  he  cast  successfully,  and  with  comparative  ease, 
mirrors  of  three  and  even  six  feet  in  diameter.  These  mirrors 
were  composed  of  copper  and  tin  united  in  their  atomic  propor- 
tions, which  yielded,  when  ground  and  polished,  a  reflective  sur- 
face of  the  most  brilliant  and  permanent  character.  With  some 
experience  in  the  use  of  this  mould,  and  taking  into  consideration 
the  principles  upon  which  it  acts,  I  have  no  doubt  that  specula 
can  be  produced  of  any  required  size,  with  more  certainty  and  far 
less  trouble  than  was  experienced  in  casting  comparatively  small 
ones  on  the  old  plan. 

But  when  he  came  to  mount  for  use  his  six-foot  speculum,  with 
a  focal  length  of  fifty-six  feet,  the  speculum  and  box,  together  with 
the  accompanying  tube,  weighing  about  fifteen  tons.  Lord  Rosse 
found  himself  compelled  to  limit  the  motions  greatly,  there  being 
only  15^  of  azimuth  motion,  thus  largely  diminishing  its  utility  in 
various  ways. 

Still,  although  so  circumscribed  in  motion,  a  necessity  yet  ex- 
isted for  an  immense  amount  of  mechanical  appliances,  such  as 
wfdls,  counterpoises,  arcs,  chains  and  windlass,  movable  galleries, 
&c.,  &C.,  to  direct  the  tube  and  enable  the  observer  to  follow  it,  — 
this  telescope,  like  Herschel's,  being  built  on  the  "Le  Mairean" 
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or  •* front  view"  form;  requiring  the  observer  to  be  suspended 
in  the  air  at  a  height  of  nearly  sixty  feet  when  looking  at  the 
zenith. 

The  plan  suggested  in  this  paper  is  an  attempt  to  oWiate  this 
only  remaining  difficulty  so  far  as  construction  is  concerned,  and 
to  enable  us  to  build  telescopes  without  such  limits,  and  of  any 
required  size,  and  which  can  be  used  with  more  ease  and  com- 
fort, no  matter  how  large,  tiban  any  yet  made,  either  reflectors  or 
refractors. 

To  accomplish  this,  I  propose  to  use  two  mirrors,  operating  sub- 
stantially as  shown  in  Fig.  1.  A  represents  a  mirror  circular  in 
form,  and  ground  on  one  surface  to  such  concavity  as  to  give  the 
required  focal  length.  B  represents  another  mirror,  oval  in  shape,  • 
and  with  the  reflecting  surface  plane.  The  lesser  diameter  of  this 
mirror  should  be  equal  to  that  of  the  concave  one,  and  the  larger 
diameter  should  be  to  the  smaller  as  5  or  6  to  4. 

In  the  centre  of  this  plane  mirror  is  an  oval  hole,  (?,  of  such  size 
as  to  allow  the  passage  of  the  cone  of  rays  thrown  from  the  con- 
cave surface,  D;  the  image  being  formed  behind  this  oval  mirror 
at  K^  and  the  eye-piece  being  applied  as  in  the  Gregorian  and 
Cassegrainian  styles. 

The  concave  mirror  is  placed  in  a  vertical  position,  so  that  the 
axis  of  said  mirror  shall  coincide  with  a  line  running  horizontally 
north  and  south,  as  CC  in  the  figure.  Opposite  to  this,  and  a  little 
nearer  to  it  than  its  focal  length,  is  placed  the  oval  mirror,  which 
has  two  motions,  one  parallel  to  or  coinciding  with  an  imaginary 
axis,  HH^  passing  through  its  lesser  diameter,  and  the  other  about 
a  hollow  axis  placed  at  right  angles  to  the  former  axis,  and  whose 
motion  is  made  around  the  line  CC  as  a  centre.  In  this  hollow 
axis  the  eye-piece  is  placed. 

Parallel  rays  from  an  object,  F^  falling  on  to  the  plane  mirror, 
B^  will  be  reflected  on  to  the  concave  surface,  2>,  and  from  thence 
through  the  hole,  0^  in  the  plane  mirror,  forming  an  image  at  K^ 
which,  being  magnified  by  the  eye-piece  at  S^  will  be  seen  by  the 
eye  at  E, 

Now,  by  moving  the  plane  mirror  around  the  line  ^^  it  will 
be  readily  seen  that  any  object  from  the  zenith,  M^  to  the  horizon, 
N^  may  be  viewed,  and,  by  moving  it  around  the  line  CC  running 
north  and  south,  any  object  between  the  eastern  and  western  hori- 
zon may  be  viewed;  thus  embracing  one-half  of  the  visible  heavens. 
These  two  motions  correspond  to  the  altitude  and  azimuth  motions 
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of  Other  instruments.  It  will  be  observed  that  the  eye  remains  in 
one  position,  looking  in  one  direction  all  the  time,  wherever  the 
object  may  be  situated  within  those  limits. 

Now,  by  reversing  the  mirrors  and  looking  in  the  direction  of 
the  same  line,  but  in  an  opposite  direction,  the  other  half  of  the 
heavens  can  be  seen. 

To  convert  this  instrument  into  an  equatorial,  we  have  only  to 
incline  the  mirrors,  preserving  their  relative  position,  so  that  the 
imaginary  line  joining  their  centres  shall  be  parallel  to  the  axis 
of  the  earth;  then,  by  moving  the  oval  speculum  about  this 
line  as  a  centre,  any  sidereal  object  can  be  followed  by  the  one 
motion. 

Fig.  2  represents  a  small  instrument  mounted  as  an  equatorial. 
O  is  the  stand  or  pedestal  made  of  any  suitable  material,  upon  the 
top  of  which  is  fastened  the  bed-plate,  iS  i^  at  a  suitable  inclina- 
tion, by  the  bolts  h  b.  At  each  end  of  this  is  an  upright,  S  S^  into 
which  the  axes  of  the  telescope  are  laid.  ^  is  a  shorter  box  with 
concave  reflector ;  T  is  one  of  two  bars  fastened  on  to  opposite 
sides  of  box  A.  Between  these  bars  at  the  opposite  ends  is  placed 
the  plane  mirror  £.  Back  of  this  the  two  bars  are  united  by  a 
cross  piece,  into  which  the  hollow  axis  with  eye-piece  is  placed. 
The  mirror  is  fastened  at  any  inclination  by  the  thumb-screw  Z 
This  is  easily  reversed  by  lifting  it  out  of  its  bearings ;  and  when 
not  in  use  may  be  kept  in  a  suitable  box,  the  stand  and  bed-plate 
being  permanently  fixed  in  their  positions. 

Fig.  3  shows  an  instrument  of  a  larger  size.  At  either  end  of 
the  telescope  a  small  room  or  observatory,  A  A^  is  seen,  through 
the  walls  of  which  the  hollow  axis  with  the  eye-piece  passes,  the 
observer  being  on  the  inside  of  the  room.  By  means  of  suitable 
mechanical  contrivances  the  proper  motions  are  communicated 
from  the  inside  to  the  mirror,  C,  thus  enabling  the  astronomer  to 
remain  seated  in  one  position,  looking  in  one  direction,  and  entirely 
protected  from  coldly  fcUigite^  night  air^  &c.  A  very  simple  con- 
trivance applied  under  the  arms,  2r,  will  serve  to  sustain  the 
weight,  and  also  to  reverse  the  instrument  when  required.  This 
teieacope  also  ofiers  unitsiicU  facilities  for  studying^  drawing^  map^ 
ping^  or  photographing  the  heavenly  bodies.  Any  object  which 
will  admit  of  it  may  easily  be  photographed  by  darkening  the  room 
and  placing  a  plate  of  the  right  size  to  receive  the  image  properly 
prepared  on  a  movable  screen,  the  size  of  the  image  being  regulated 
by  the  distance  from  the  eye-piece.    This  arrangement  would  enable 
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many  persons  to  contemplate  some  of  the  cdestial  bodies^  such  as 
the  sun^  moon,  <fec^  at  the  sam£  time. 

To  constract  an  instroment  on  this  plan,  o^  say,  twelve  or  fifteen 
feet  diameter,  and  150  or  200  feet  focal  length,  let  the  ground  be 
first  levelled,  and  then  the  towers  built  at  a  suitable  distance  apart. 
Between  these  a  double  railroad  track  should  be  laid,  the  tracks 
running  parallel  to  each  other  firom  north  to  south,  and  uniting  in 
one  curve  at  either  end.  The  mirrors  would  be  mounted  sepa- 
rately on  solid  structures,  movable  on  wheels,  and  thus  would  be 
easily  reversible. 

Differing  as  this  does  firom  fdl  other  constructions  of  telescopes, 
it  will  readily  appear  that  a  ffreat  focal  length  is  not  ohjectionxMe, 
!c  being  as  easy  to  handle  a  mirror  of  IfiOO  feet  focal  length  as  one 
of  the  same  size  of ffiy  feet  foots.  , 

To  convert  such  an  instrument  into  an  equatorial,  select  a  piece 
of  ground  sloping  to  the  south,  grade  to  the  exact  inclination  to 
give  parallelism  of  the  axis  of  telescope  with  that  of  the  earth :  the 
towers  being  built  as  usual  if  desired,  and  the  mirrors  mounted, 
the  instrument  may  be  used  as  an  equatorial.  Fig.  4  is  a  rough 
sketch  of  such  an  arrangement. 

If  it  is  desired  to  command  a  view  of  the  whole  heavens  without 
reversing  the  mirrors  in  the  usual  manner,  I  would  suggest  that 
both  sides  of  each  mirror  be  used  altemately,  one  side  of  each  being 
made  plane  and  the  other  concave. 

Thus  the  concave  side  of  the  lower  mirror  being  used  with  the 
plane  side  of  the  upper  one  commands  the  southern  heavens  from 
the  northern  tower,  and  the  plane  side  of  the  lower  one  used  with 
the  concave  side  of  the  upper  commands  the  northern  heavens 
firom  the  southern  tower.  Both  mirrors  in  this  case  must  be  per* 
forated  in  the  centre.  The  mirrors,  in  this  instance,  may  be  solidly 
fixed  in  their  positions. 

As  it  has  not  been  thought  necessary  to  enter  into  details,  either 
as  to  the  many  forms  this  telescope  may  assume,  or  to  the  great 
variety  of  mechanical  devices  for  moving  the  plane  mirror  or  revers* 
ing  the  two  mirrors,  which  would  be  adapted  to  those  forms,  a  few 
words  of  comparison  with  other  reflectors  is  all  we  shall  add. 

The  tremor,  so  much  complained  of  in  some  forms,  having  small 
specula  supported  on  the  ends  of  rods,  or  eye^pieces  supported  on 
the  ends  of  long  tubes,  would  be  absent  here,  as  the  bearings  are 
at  each  end,  near  the  mirrors. 

No  tube  is  used  for  ap^  sise,  but  arms  or  bars  coimecting  the 
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6])ecula  may  be  used  in  the  smaller  sizes  for  convenience  of  hand- 
\mg^  reversing,  &c. 

In  illuminating  power,  they  are  equal  -to  all  other  telescopes 
huxmg  two  mirrors,  and  inferior  alone  to  the  "front  view"  form, 
bat  superior  to  it  in  having  no  distortion  of  the  image  caused  by 
inclining  the  mirror  in  that  form,  so  as  to  throw  the  image  to  the 
Eide  of  the  tube. 

It  is  by  far  the  simplest  equatorial  yet  constructed,  and  the  only 
ODe  la  which  the  line  of  sight,  axis  of  instrument,  and  axis  of  the 
earth  all  coincide.  Clock-work  may  be  added  as  in  other  equa- 
tor] als,  and  a  simple  contrivance  can  be  attached  to  the  plane 
tnirror,  when  the  telescope  is  not  in  an  equatorial  position,  which 
will  give  it  a  parallactic  motion.  This  it  is  not  necessary  here  to 
describe. 

Simplicity  of  construction  will  enable  these  to  be  made  much 
clioaper  than  others,  especially  if  Foucault's  plan  of  using  glass 
mirrors  be  adopted. 

One  mould  would  answer  for  both  mirrors,  one  side  being  con- 
vt^x  and  the  other  plane. 

I  am  impressed  with  the  conviction  that  for  any  future  enlarge- 
ment of  the  boundaries  of  our  observations  we  must  look  to  the 
reilecting  telescope,  as  it  is  impossible  to  construct  refractors  at  all 
aj>j>roaching  the  size  which  may  be  realized  for  mirrors. 

The  ratio  of  the  illuminative  power  of  a  refractor  and  reflector 
of  equal  aperture  is  usually  considered  to  b6  as  8  to  5.  Still  the 
Earl  of  Rosse  succeeded  in  producing  mirrors  which  were  con- 
sidered little,  if  any,  inferior  to  an  achromatic  of  equal  aperture. 
The  plane  miiTor  might  be  made  of  blocks  of  speculum  metal  fas- 
tened on  to  a  common  basis,  and  then  ground  and  polished.  Any 
slight  deviation  from  a  perfect  figure  would  only  cause  a  slight 
distortion,  and  not  spherical  aberration,  as  in  the  case  of  concave 
mitTors. 

If  telescopes, /ar  excelling  in  size  and  power  any  yet  made,  shall 
be  constructed,  it  is  evident  that  the  enormous  tubesj  with  the  vast 
7nucliinery  to  give  the  usual  motions  to  those  tubes  must  be  dis^ 
pciised  with.  This  arrangement  of  mirrors  does  that  effectually,  and 
it  is  doubted  whether  any  other  as  simple  can  ever  be  devised,  in- 
volving at  the  same  time  so  many  points  of  convenience  and  comfort 
in  thcii'  use.  The  remaining  difficulties  of  atmospheric  inequalities, 
<&c,,  are,  of  course,  conmion  to  all  instruments  of  any  construction, 
and  their  discussion  is  not  within  the  province  of  this  paper. 
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4.  The  Daily  Motion  op  a  Brick  Tower,  caused  by  Solar 
Heat.    By  C.  6.  Rockwood,  of  Brunswick,  Maine. 

The  observations  which  form  the  subject  of  the  following  dis- 
cussion were  made  during  the  spring  of  1866,  in  the  south  tower 
of  the  Sheffield  Scientific  School  in  New  Haven,  Conn.  This 
tower  was  built  during  the  winter  of  1865,  but  was  still  unfinished 
in  April,  1866,  when  these  observations  were  commenced,  although 
all  the  brickwork  was  completed.  The  stuccoing  of  the  outside  was 
not  finished  until  June  1 ;  and,  during  the  whole  time  occupied  by 
the  investigation,  the  presence  of  the  workmen,  with  scaffoldings, 
Ac,  although  not  vitiating  the  truth  of  the  results  obtained,  was  a 
hindrance  to  that  perfect  success  which  might  be  expected  from  a 
repetition  of  the  experiments  under  the  more  favorable  conditions 
of  a  completed  tower  and  more  delicate  instruments. 

The  structure  in  question  is  a  square  brick  tower,  stuccoed  on 
the  outside,  the  exterior  surface  being  much  broken  up  by  recessed 
windows  and  various  architectural  adornments.  The  general  plan 
of  the  building  precluded  the  use  of  solid  masonry  in  the  tower, 
which  would  have  been  desirable  for  any  structure  designed,  as 
was  this,  to  support  astronomical  instruments.  The  walls  were, 
however,  made  unusually  heavy ;  and,  in  order  to  have  as  firm  a 
base  as  possible  for  the  telescope,  the  upper  story  was  arched  with 
brick,  forming  a  solid  and  pretty  firm  brick  floor,  upon  which  now 
rests  the  stone  pier  of  an  equatorial. 

The  whole  tower  is  surmounted  by  a  revolving  wooden  turret. 
The  story  below  the  observatory,  and  immediately  beneath  the 
brick  arches,  is  occupied  by  the  works  of  the  tower  dock. 

The  dimensions  of  the  tower  are  as  follows :  — 

Side  of  the  square  at  ground 16^  feet 

„  „        „     top  of  brickwork  ....'.  15      „ 

Thickness  of  walls  at  first  storj 27  inches. 

„  „        „     top  of  brickwork 16      « 

y,  „       „     where  the  arches  spring     .    .  20      ,, 

Height  to  top  of  turret 90  feet. 

„  „      brickwork 80      ,, 

„        floor  of  observatory  room 75      „ 

The  tower  is  connected  by  its  north  side  with  the  main  building 
for  an  altitude  of  about  forty-five  feet.    Projecting  firom  the  south 
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side  of  the  main  building,  it  has  its  north  wall  in  a  line  with,  and 
forming  part  of,  the  south  wall  of  the  building.  The  whole  edifice 
stands  in  a  position  inelined  to  the  meridian,  the  sides  of  the  build- 
ing, and  consequently  those  of  the  tower,  having  the  direction 
K  28^  30'  E. 

Previous  observations  elsewhere  (e.^,,  at  Bunker  Hill  Monument) 
had  led  to  the  apprehension  that  such  a  tower,  besides  being  sub- 
ject to  tremors  communicated  from  the  ground,  would  have  a  defi- 
nite and  somewhat  regular  daily  motion,  dependent  upon  the 
influence  of  the  sun's  heat  in  expanding  the  materials  of  which  it 
was  composed.  The  object  for  which  this  investigation  was  un- 
dertaken was  to  ascertain  whether  this  motion  would  affect  the  use 
of  the  telescope  or  not. 

In  order  to  investigate  the  motion  in  the  present  case,  two  levels 
were  placed  at  right  angles  with  each  other,  upon  a  flat  stone  em- 
bedded in  the  brick  floor  of  the  observatory  room  (to  avoid  any 
imdetermined  changes  which  might  affect  the  woodwork),  and 
their  indications  were  recorded  from  time  to  time.  Any  tipping 
or  motion  of  the  tower  would  of  course  change  the  plane  of  this 
floor  by  the  same  amount,  and  would  be  shown  by  a  correspond- 
ing motion  of  the  bubble  of  one  or  both  of  the  levels.  The  levels 
used  were :  — 

I.  The  striding  level  of  a  small  transit  instrument,  the  property 
of  Professor  C.  S.  Lyman.  This  level,  supported  by  its  iron  stand, 
was  placed  parallel  to  the  frcmJt  of  the  tower,  and  therefore  ap- 
proximately east  and  west.  It  was  read  by  a  scale  graduated  to 
hundredths  of  an  inch.  Examination  with  a  level-trier  gave  1  inch 
=  39''.37  as  the  value  of  its  divisions. 

n.  An  unmounted  Ertel  bubble  which  rested  directly  upon  the 
stone,  being  placed  parallel  to  the  sides  of  the  tower,  and  so  ap- 
proximately north  and  south.  It  was  read  by  a  scale  of  tenths  of 
an  inch,  graduated  upon  the  glass,  and  reading  by  estimation  to 
hundredths.  Professor  Lyman  had  previously  determined  the 
value  of  the  divisions  of  this  level  at  1  inch  =  51".7,  which  was 
adopted  in  reducing  the  observations. 

The  levels  were  recorded  six  times  during  the  day,  at  intervals 
of  about  two  and  a  half  hours ;  the  first  record  being  between 
seven  and  eight  a.m.,  and  the  last  between  ten  and  eleven  P.M. 
The  series  extended,  with  some  omissions,  from  April  24th  to  July 
7th ;  but  some  of  the  records  being  afterward  rejected  as  unre- 
liable, the  final  results  were  obtained  from  the  discussion  of  obser- 
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yations  upon  fifty-nine  days,  included  between  April  24th  and  July 
2d,  1866.  It  will  be  noticed  that  about  one-half  of  this  period 
was  before  the  stuccoing  of  the  tower  was  completed ;  and  during 
about  two  weeks,  firom  May  15th  to  June  1st,  the  tower  was 
partially  shaded  from  the  sun  by  the  scaffolding  necessary  to  this 
work. 

A  third  level  placed  with  the  others  upon  the  stone  floor,  and 
also  the  levels  of  an  Altitude  and  Azimuth  Instrument,  which  was 
temporarily  mounted  on  a  brick  pier  in  the  room,  were  recorded 
during  a  part  of  this  time ;  but,  as  their  results  were  not  employed 
in  the  discussion,  it  is  not  necessary  to  notice  them  fSuther  than  to 
say,  that  in  general  they  confirmed  the  indications  of  the  principal 
levels. 

Let  us  now  examine  briefly  what  would  be  the  probable  motion 
of  a  tower  thus  situated,  and  then  compare  this  theoretical  result 
with  that  given  by  the  recorded  level  readings. 

First :  suppose  an  isolated  symmetrical  tower  of  homogeneous 
material,  situated  at  the  equator  of  the  earth,  and  the  sun  at  the 
equinox.  The  diurnal  circle  of  the  sun  then  passes  through  t^e 
east  and  west  points  of  the  horizon  and  the  zenith  of  the  tower. 
In  the  morning  the  heat  of  the  sun^s  rays  would  expand  the  east 
side  of  the  tower,  and  cause  it  to  lean  toward  the  toest  As  the 
sun  rose  toward  the  zenith,  and  warmed  equally  all  parts  of  the 
tower,  it  would  gradually  return  to  its  mean  position.  In  the 
afternoon,  as  the  east  side  lost  its  heat  by  radiation,  and  the  west 
side  was  warmed  by  the  declining  sun,  it  would  lean  toward  the 
e<zst;  and  during  the  night  would  return  again  to  the  mean  posi- 
tion. Thus  the  motion  would  be  back  and  forth  over  a  straight 
east  and  west  line. 

Again,  suppose  the  same  tower  situated  at  the  pole.  Then, 
since  the  sun's  rays  strike  it  during  the  whole  twenty-four  hours, 
and  always  at  the  same  angle,  the  tower,  leaning  always  from  the 
sun,  and  always  to  the  same  amount,  would  follow  the  sun  in  its 
diurnal  revolution,  its  top  describing  a  circle  about  its  normal 
position. 

At  any  station  intermediate  between  the  equator  and  the  pole, 
the  figure  described  by  the  tower  would  be  neither  a  straight  line 
nor  a  circle,  but  between  the  two ;  ue^  an  eUipse^  whose  eccentricity 
diminishes  as  the  latitude  of  the  place  increases. 

In  the  case  imder  discussion,  the  tower  is  in  N.  lat.  41^  19',  and 
the  sun  was  near  the  summer  solstice.    The  sun  therefore  rose 
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about  30^  north  of  the  east  point,  cuhninated  south  of  the  zenith, 
and  set  north  of  west. 

The  inclination  of  the  tower,  being  opposite  the  sun,  would  be, 
in  the  rooming  south-west  and  west,  at  noon  nortn,  at  evening 
east  and  south-east,  and  during  the  night  it  might  be  supposed  to 
return  in  a  straight  line  to  its  mean  position.  Since  the  sun's  rays 
strike  the  perpendicular  sides  of  the  tower  more  obliquely  at  noon 
than  at  morning  and  evening,  the  northward  inclination  would  be 
less  than  the  westward  or  eastward,  and  the  curve  described  would 
resemble  an  ellipse,  with  its  minor  axis  in  the  meridian,  and  prob- 
ably somewhat  flattened  on  the  south. 

This  tower  also  is  not  symmetrical  nor  isolated.  It  may  be  con- 
sidered as  a  right  parallelepiped,  standing  with  its  sides  inclined 
to  the  meridian,  and  for  half  its  height  joined  by  one  side  to  a  large 
building,  which,  so  far  as  any  effect  of  the  solar  heat  is  concerned, 
may  be  regarded  as  fixed.  One  sid6  of  the  tower  being  thus 
firmly  held  by  its  connection  with  the  building,  any  motion  toward 
or  from  the  building  would  be  simply  checked  or  retarded  without 
cl^^ge  in  direction ;  while  to  any  motion  at  right  angles  to  this 
would  be  added  another  element,  a  motion  in  azimuth  or  a  twisting 
of  the  tower  about  a  vertical  line.  A  scale  was  prepared  in  a  dis- 
tant steeple,  and  the  telescope  already  mentioned  was  directed 
upon  it,  with  a  view  to  determine  any  such  azimuthal  change. 
The  observations  with  this  arrangement  showed  a  probable  daily 
change  of  8" or  10" in  azimuth;  but  the  instability  of  the  telescope 
and  other  causes  so  far  impaired  their  value,  that  it  was  not 
thought  best  to  incorporate  them  in  this  discussion. 

The  recorded  observations  give  a  series  of  level-readings  at 
certain  hours  upon  fifty-nine  days.  The  most  obvious  method  of 
combining  them  is  to  take  the  mean  of  the  readings  for  all  the 
days,  as  representing  the  probable  motion  of  the  tower  for  any 
one  day.  Thus  combined,  the  means  are  as  follows,  the  levels 
being  designated  by  the  numerals  I.  and  II.,  and  the  level  readings 
having  been  reduced  to  seconds. 

_  Mean  Level  Readings, 

+  East.  ^ 

L      — 6".76       -:0".96       — r'.67       — 7''.62       — 10".67       — 10'^48 

+  North. 

IL     +5''.64       +5".08       +2r\97       — (y'.87       —  (K'.78       +  8''.86 

If  now  we  let  these  numbers  be  the  abscissas  and  ordinates  of  a 
plane  curve,  referred  to  rectangular  axes  in  the  direction  of  the 
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levels,  this  curve  will  be  the  figure  described  daily  by  the  normal 
to  the  plane  of  the  levels  or  by  any  vertical  line  of  the  tower.  It 
should  also  be  borne  in  mind  that  a  south  level  reading  indicates  a 
north  inclination  of  the  tower,  and  vice  versd  ;  therefore,  to  repre- 
sent the  actual  motion  of  the  tower,  the  signs  of  the  above  means 
have  been  changed  throughout  in  plotting  the  curve.  The  curve 
thus  obtained  is  the  one  marked  A  in  the  figure,  the  points  given 
by  the  observations  being  marked  by  the  numerals  1,  2,  3,  (fee,  in 
order,  beginning  with  the  morning  observation.  It  is  seen  to  be 
an  imperfect  ellipse,  with  a  major  axis  of  about  12''  and  a  minor 
axis  of  about  5'',  and  the  minor  axis  coincides  nearly  with  the 
meridian.  It  thus  corresponds  tolerably  with  what  had  been 
anticipated.  But  the  minor  axis  of  the  ellipse  is  not  exactly  in 
the  meridian,  and  the  curve  is  somewhat  flattened  on  the  south- 


west and  north-east.  Apparently  the  connection  of  the  tower 
with  the  main  building  has  checked  the  north  and  south  motion, 
and  so  shortened  somewhat  the  extreme  ordinates ;  as  we  see  that, 
by  simply  lengthening  the  ordinates  on  the  north-east  and  south- 
west, the  curve  may  be  made  symmetrical,  and  its  minor  axis  be 
brought  into  the  meridian. 

But  it  is  evident  that,  in  any  thing  which  depends  so  directly 
upon  the  sun's  heat,  the  average  of  dU  days  will  not  give  a  true  result. 
It  is  necessary  to  make  a  distinction  between  dear  and  doudy  days. 
From  the  records  of  the  weather,  the  obsei-vations  were  therefore 
separated  into  two  classes,  —  viz.,  days  more  than  one-half  clear 
and  days  more  than  one-half  cloudy ;  and  there  were  found  thirty- 
five  of  the  former  and  twenty-four  of  the  latter.  The  level 
readings  of  these  two  classes  were  then  tabulated  separately, 
and  the  mean  readings  taken  as  before,  to  represent  the  probable 
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motion  of  any  one  clear  day  or  cloudy  day.  These  tables  (which 
accompany  this  paper)  give  for  each  observation  the  hour  of  the 
day,  and  the  reading  of  each  level,  both  in  inches  and  in  seconds 
of  arc. 

The  mean  readings  of  the  two  tables,  with  the  mean  times  of 
observation,  were  as  follows:  — 

Mean  Levd  Readings  —  Clmr  Days. 

7Afi0inA.it.  104  88mA.M.    0A59mF.x.    84  82m  p.m.  64  68m  p.m.  104  88m  p.m. 
+  Ea8t. 

I.        — 2''.72  +4'^79        +8".52       -^'.96  — ICMT  — 9".88 
+  North. 

IL      +5''.62  +4''.48       +1'^08     .  — 8''.55  — 8''.86  +1''.61 

Mean  Level  Readings — Cloudy  Days* 

74  47mA.M.  10488mA.x.  04  69m  p.m.    84  83m  p.m.  64  8m  p.m.  104  47mp.M. 
-f  East. 

I.    — 9''.94  — S'^eO  -«".65       — 1(KM6  — ll'^48  — 11".98 
+  North. 

IL  +&'^82  +6''.76  -fS'^SO         +4'^49  +8''.91  +6^66 

These  averages,  with  the  signs  changed,  being  made  abscissas 
and  ordinates,  give  the  two  curves  marked  B  and  C7,  the  observa- 
tions being  indicated  by  numerals  as  before. 

We  see  at  a  glance  how  necessary  to  a  true  result  was  the 
separation  into  two  series.  The  two  curves  have  indeed  the  same 
general  form,  but  how  different  their  sizes  and  positions.  For 
clear  days  the  longer  axis  is  about  17",  while  for  cloudy  days  it  is 
not  more  than  4".  The  curve  for  clear  days  shows  the  same  short- 
ening of  the  ordinates  that  was  noticed  in  A^  though  to  hardly  so 
great  an  amount.  But  the  curve  for  cloudy  days  is  very  much 
distorted,  and  no  longer  resembles  an  ellipse. 

This  excessive  departure  from  the  normal  ellipse  cannot  be  at- 
tributed solely  to  the  connection  with  the  main  building,  for  any 
such  retarding  effect  as  has  been  supposed  should  be  greater  when 
the  absolute  amount  of  motion  was  greater,  and  therefore  should 
be  more  evident  on  the  curve  for  clear  days. 

An  examination  of  the  figure  will,  however,  suggest  another,  and 
probably  the  true  explanation.  All  the  points  knoum  in  the  curve 
under  consideration,  except  the  one  given  by  the  morning  observa^- 
tion  (marked  1),  may  be  found  upon  a  curve  nearly  similar  to  the 
one  for  clear  days.  And  the  distorted  position  of  this  point  may 
be  accounted  for  by  the  supposition  (which  in  fact  should  not  be 
unexpected),  that  on  a  cloudy  day  the  sun  would  not  affect  the 
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tower  80  early  in  the  day  as  on  a  clear  day.  Conseqnentlj,  when 
the  eflect  begins  to  be  perceptible,  the  sun  has  already  passed  the 
prime  vertical  so  far  as  to  shine  very  obliquely  upon  the  north-east 
side  of  the  tower,  and  therefore  the  tower  inclines  but  very  little 
to  the  south-west  of  its  mean  position,  and  the  corresponding  part 
of  the  ellipse  is  wanting. 

Again,  the  curve  for  cloudy  days  lies  considerably  farther  south 
and  east  than  the  other,  instead  of  being  concentric  with  it.  As 
the  south  side  of  the*  tower  is  the  one  most  affected  by  the  sun^s 
heat,  and  moreover  has  nearly  twice  the  free  altitude  of  the  north- 
east side,  it  might  naturally  be  supposed  to  expand  most  under  the 
influence  of  the  sun's  rays;  and  this,  combined  with  the  con- 
nection of  the  north-east  side  with  the  building,  and  its  inclination 
to  the  meridian,  would  throw  the  curve  for  clear  days  to  the  north 
and  west  of  the  other,  as  it  is  found  to  be.  It  is  noticeable  also 
that  on  clear  days  the  tower  is  thus  maintained  out  of  its  normal 
position  by  a  considerable  amount. 

Still  more,  the  mean  inclination  of  the  sun's  rays  to  the  vertical 
lines  of  the  tower  at  noon,  on  the  days  classed  as  clear,  was  21^  ; 
and,  supposing  the  intensity  of  the  sun's  heat  to  vary  as  the  sine  of 
the  inclination,  the  minor  and  major  axes  of  the  ellipse  should  be 
to  each  other  as  sin  21°  to  sin  90°,  or  as  35  to  100.  Now  the 
minor  axis  is  about  1" ;  hence  the  major  axis  should  be  from  this 
cause  about  22".  It  is  really  about  17",  a  discordance  which  I 
think  cannot  be  considered  great,  when  it  is  remembered  that  the 
tower,  being  more  or  less  shaded  by  trees,  <feo.,  could  not,  even  on 
a  clear  day,  be  affected  by  the  sun,  until  the  latter  had  risen  some 
distance  above  the  true  horizon  (for  which  the  above  proportion 
is  calculated),  and  that  the  inclined  position  of  the  tower  to  the 
meridian  would  probably  also  affect  this  element. 

The  curve  deduced  from  the  observations  is  thus  seen  to  exhibit 
a  sufficient  degree  of  correspondence  with  what  had  been  antici* 
pated,  from  theoretical  considerations,  to  confirm  the  truth  of  the 
reasoning ;  the  departures  from  the  perfect  ellipse  being  no  greater 
than  can  be  ascribed  to  the  unsymmetrical  position  of  the  tower, 
its  connection  with  the  main  building,  and  other  disturbii^g  causes. 
In  all  this  discussion  the  varying  powers  of  absorption,  radiatioi), 
and  conduction  of  the  materials  of  the  tower  have  beei^  left  entirely 
nnnoticed.  They  would  undoubtedly  have  their  place  in  a  con^-. 
plete  investigation,  but  no  data  were  at  hand  for  estimatiqg  their 
influence. 
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If  we  may  suppose  the  tower  to  be  equally  expanded  in  all  parts 
of  its  height,  the  vertical  side  would  be  changed  into  a 
uniform  curve,  as  JL  J?  in  the  figure;  and  since  the  devia- 
tion from  a  vertical  is  small,  the  tangent  at  A  would  cut 
the  vertical  line  JS  C  nearly  at  the  middle  point  between 
jB  and  C.  Therefore  UDis  nearly  one-half  the  height 
of  the  tower,  and  CA^  the  distance  which  the  top  is 
moved  from  its  normal  position,  would  be  represented 
by  C  D  X  sin  G  D  A  =  l^  height  X  sin  of  observed 
change  of  level.  This  gives  for  the  length  of  G  AyOnBn  average 
clear  day,  87.5  feet  X  sin  8".5  =  .0185  inch,  or  2.  C  ^  =  .037 
inch,  the  major  axis  of  the  ellipse. 

But  for  obvious  reasons  the  upper  part  of  the  tower  would 
probably  be  most  aifected  by  the  heat ;  hence  GD  should  probably 
be  taken  somewhat  less  than  one-half  the  height,  and  the  major 
axis  of  the  ellipse  should  be  proportionately  diminished. 

As  an  indication  of  the  accuracy  of  the  results  obtained  from 
such  a  series  of  level  readings  as  the  above,  it  may  be  remarked, 
that  two  days,  which  in  the  reduction  of  the  tables  were  noticed 
as  showing  unusually  large  easterly  and  northerly  inclinations, 
were  afterwards  found,  by  reference  to  the  weather  record,  to  have 
been  marked  respectively  by  a  north-east  storm  and  a  cool  north 
wind.  The  effect  of  the  cold  rain  or  wind  in  causing  contraction 
of  that  side  upon  which  it  blew  was  thus  plainly  recorded  by  the 
level,  and  a  good  illustration  afforded  of  the  accuracy  of  which  this 
method  of  investigation  is  susceptible. 

It  remains  now  to  state  why  the  five  clear  days  (July  3-7)  were 
rejected  from  the  discussion.  If  the  readings  of  Level  II.  upon 
those  days  be  examined  (see  Tables),  it  will  be  noticed  that,  aiter 
the  first  record  of  July  3d,  there  is  a  marked  deviation  from  the 
means  of  the  Table  for  Clear  Days ;  the  mean  readings  for  these 
five  days  being  from  8''  to  13"  leas  than  the  corresponding  means 
derived  from  the  rest  of  the  series  of  Clear  Days.  So  great  a 
variation  at  once  led  to  a  search  for  any  cause  which  might  ac- 
count for  it.  And,  on  consulting  the  original  records,  it  was  found 
that  on  the  morning  of  July  3d  the  workmen,  engaged  in  putting 
up  the  tower  clock  in  the  room  below,  had  found  it  necessary  to 
cut  a  hole  through  one  of  the  brick  arches  supporting  the  floor  of 
the  observatory.  This  necessitated  a  continual  hammering  upon 
the  brick  wall  during  a  period  of  several  hours ;  and  it  was  sup- 
posed that  the  consequent  jarring  of  the  levels,  although  not 
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apparent  to  the  eye,  might  have  caused  the  one  in  question  —  which, 
it  will  be  remembered,  was  an  unmounted  bubble  —  to  settle  into 
some  slight  hollow  of  the  stone  on  which  it  rested,  or  in  some  way  to 
alter  the  zero-point  of  its  scale  to  the  amount  indicated  above. 
And  as  the  series  (five  days)  was  too  short  to  ascertain  with  any 
certainty  the  amount  of  this  change,  those  days  were  rejected 
entirely.  The  readings  of  Level  I.  for  the  same  five  days  show  an 
apparent  change  in  its  zero-point  also,  but  not  to  so  noticeable  an 
amount. 

In  regard  to  the  practical  bearing  of  this  discussion  upon  the 
availability  of  such  towers  for  mounting  astronomical  instruments, 
it  may  be  sufficient,  without  entering  into  details,  to  state  the  con- 
clusion arrived  at  in  the  present  case.  This  was,  that  the  motion 
of  the  tower  was  so  great  and  so  uncertain  as  to  make  it  unfit  for 
the  support  of  a  meridian  instrument,  but  not  great  enough  to 
seriously  interfere  with  the  differential  measurements  for  which  an 
equatorial  is  principally  used.  The  mean  hourly  change  was  not 
more  than  1".2,  which,  during  the  few  minutes  of  an  observation, 
would  be  insignificant  unless  extreme  accuracy  was  desired,  and 
nught  be  combined  with  the  unknown  accidental  errors  in  reducing 
the  observations. 

In  conclusion,  I  would  express  my  thanks  to  Professors  Newton 
and  Lyman,  of  Yale  College,  to  whom  I  have  been  indebted  for 
the  use  of  instruments  and  for  valuable  suggestions  in  the  conduct 
of  the  observations. 
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Letsll. 

1  inch  »  89^^87. 


TOWER   MOTION. 
Clbab  Dats  :=  86  Days. 


Ltfvlll. 

+  «.  North. 

1  loch  »  bVf.l, 


Lktel  I. 

LsvxL  n. 

Lktkl  I. 

LXTEL  II. 

Date. 

A.X. 

A.m. 

A.K. 

k.m. 

I860. 

InehM. 

rr 

Inchw. 

rr 

Inches. 

rr 

Inohei. 

rr 

April  26 

8 

-O.04 

—  1.67 

+0.21 

+10.86 

10.80 

+0.28 

+11.02 

+0.16 

+7.76 

27 

8 

-0.06 

-2.88 

+0.10 

+  6.17 

10.80 

+0.126 

+  4.92 

+0.09 

+4.65 

28 

8 

-O.IO 

-8.94 

+0.08 

+  4.14 

10.30 

+0.175 

+  6.89 

+0.03 

+1.66 

80 

8 

40.01 

+  0.89 

+0.076 

+  8.88 

10.80 

+0.26 

+  9.84 

+0.06 

+2.69 

May     4 

7.40 

-0.06 

-2.88 

+0.07 

+  8.62 

10.80 

+0.21 

+  8.27 

+0.04 

+2.0T 

6 

7.80 

-0.27 

-10.68 

+0.076 

+  8.88 

10.46 

-O.09 

-8.64 

+0.01 

+0.52 

7 

7.80 

-0.18 

-5.12 

-0.01 

-0.62 

10.80 

+0.16 

+  6.91 

-0.07 

-8.62 

8 

7.46 

-0.80 

-11.81 

+0.06 

+  8.10 

10.46 

-0.286 

-9.28 

-fO.Ol 

+0.62 

10 

7.45 

+0.125 

-4.92 

+0.115 

+  5.96 

10.46 

+0.275 

+10.88 

+0.06 

+2J0 

11 

7.46 

-0.22 

-8.66 

+0.11 

+  6.69 

10.80 

+0.066 

+  2.17 

+0.06 

+2.69 

12 

7.80 

-0.206 

-8.07 

+0.125 

+  6.46 

10.46 

+0.075 

+  2.96 

+0.10 

+6.17 

14 

7.80 

-0.01 

-0.89 

+0.176 

+  9.06 

10.80 

+0.27 

+10.68 

+0.176 

+O.05 

15 

7.80 

-H).126 

+  4.92 

+6.166 

+  8.02 

10.60 

+0.89 

+15.85 

+0.18 

+6.n 

16 

7.80 

-0.136 

-5.82 

+0.126 

+  6.46 

10.80 

+0.006 

+  0.20 

+0.146 

+7.60 

19 

7.80 

-0.896 

-16.66 

+0.11 

+  5.69 

10.46 

-0.26 

-9.84 

+0.11 

+6.68 

24 

7.40 

-0.14 

-5.51 

+0.08 

+  4.14 

10.46 

-0.086 

-8.85 

+0.08 

+4.14 

80 

7.45 

-0.08 

-8.15 

+0.106 

+  5.48 

10.46 

+0.066 

+  2.66 

+0.106 

+5-43 

81 

8 

-0.21 

-8.27 

+0.105 

+  6.48 

10.80 

-0.06 

-1.18 

+0.11 

+6.69 

Jon*    1 

10.40 

+0.096 

+  8.74 

+0.10 

+6.17 

6 

7.80 

-0.84 

-18.89 

+0.115 

+  6.96 

10.46 

-0.16 

-6.80 

+0.12 

+6.20 

8 

7.80 

-O.04 

-1.67 

+0.146 

+  7.60 

10.45 

+0.115 

+  4.68 

+0.146 

+7.60 

9 

7.30 

+0.016 

+  0.69 

+0.14 

+  7.24 

10.80 

+0.08 

+  8.16 

+0.126 

+6.46 

11 

7.80 

-O.09 

-8.54 

+0.096 

+  4.91 

10.60 

+0.146 

+  6.71 

+0.096 

+4.91 

12 

7.40 

-0.186 

-5.82 

+0.10 

+  6.17 

10.80 

+0.16 

+  6.80 

+0.076 

+«.88 

16 

8.80 

-0.17 

—  6.69 

+0.096 

+  4.91 

10.46 

+0.046 

+  1.77 

+0.096 

+4.91 

16 

10.46 

+0.11 

+  4.88 

+0.106 

+6.48 

19 

7.80 

-O.06 

-2.88 

+0.115 

+  6.96 

10.80 

+0.206 

+  8.07 

+0.096 

+4.91 

20 

8.15 

+0.226 

+  8.86 

+0.08 

+  4.14 

10.60 

+0.406 

+15.96 

+0.086 

+4.40 

21 

7.40 

+0.146 

+  6.n 

+0.10 

+  6.17 

10.80 

+0.88 

+12.99 

+0.066 

+2.86 

22 

8 

+0.15 

+  5.91 

+0.12 

+  6.20 

10.46 

+0.29 

+11.42 

+0.076 

+8.88 

% 

8 

-0.015 

—  0.59 

+0.186 

+  6.96 

10.80 

+0.186 

+  7.89 

+0.125 

+6.46 

M 

7.46 

+0.06 

+  1.97 

+0.155 

+  8.01 

29 

8.80 

+0.10 

+  &94 

+0.126 

+  6.46 

10.86 

+0J6 

+  9.84 

+0.11 

+«.e9 

80 

8.16 

+0.02 

+  0.79 

+0.06 

+  4.14 

July    2 

7.45 

+0.21 

+  8.27 

+0.066 

+  2.86 

Meuii. 

7.60 

-y^72 

+  6'^62 

10.38 

+4'/.79 

+#''-48 
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htnl  I. 


TOWER  MOTION. 
Clkab  Dats  =  85  Dtttfs,  —  Continued. 


+  »  North. 


Date. 

P.M. 
h.m. 

Lbvu.  I. 

Lbvxl  II. 

P.M. 

Level  I. 

Level  n. 

1866. 

iQches. 

// 

JnduB. 

// 

Inches. 

ft 

InehM. 

ff 

April  2S 

12.30 

+0.276 

+10.83 

+0.13 

+6.72 

3.30 

—0.08 

-3.15 

+0.06 

+  8.10 

27 

+0.13 

+  6.12 

+0.02 

+1.03 

8.30 

—0.26 

-9.84 

-0.27 

-18.96 

28 

^ 

+0.06 

+  2.36 

-0.13 

—6.72 

8.30 

—0.19 

—  7.48 

-0.24 

-12.41 

30 

+0.10 

+  3.94 

-0.10 

—5.17 

3.30 

—0.11 

—  4.33 

-0.29 

-14.99 

luy    4 

+0.08 

+  3.15 

-0.03 

—1.55 

3.30 

—0.115 

-4Ji3 

-0.11 

-6.69 

6 

-0.14 

-6JJ1 

-0.04  . 

-2.07 

3.30 

-0.19 

-7.48 

-0.14 

-7.24 

7 

+0.225 

+  8.86 

-0.18 

—9.31 

3.30 

-0.25 

—  9.84 

-0.34 

-17.68 

8 

-0.22 

—  8.66 

-0.15 

—7.76 

3.30 

-0.46 

—18.11 

—0.325 

-16.80 

10 

+0.22 

+  8.66 

-0.09 

—4.66 

3.30 

+0.005 

+  0.20 

—0.255 

—18.19 

11 

+0.02 

+  0.79 

-0.10 

-5.17 

3.30 

-0.24 

—  9.46 

-0.18 

-9.81 

12 

+0.08 

+  8.15 

-0.035 

-1.81 

3.30 

-0.12 

—  4.72 

-0.18 

—  9.81 

14 

+0.21 

+  8.27 

+0.17 

+8.79 

3.30 

0.00 

0.00 

+0.076 

+  8.88 

15 

3.30 

—0.07 

—  2.76 

+0.07 

+  8.62 

16 

3.45 

—0.345 

-13J59 

+0.07 

+  8.62 

19 

-0.246 

—  9.65 

+0.115 

+5.95 

2.46 

—0.37 

—14.57 

+0.08 

+  4.14 

2i 

—0.065 

-2JJ6 

+0.08 

+4.14 

3.30 

-0.20 

-7.87 

+0.08 

+  4.14 

30 

+0.035 

+  1.38 

+0.11 

+5.69 

8.30 

-0.18 

-7.19 

+0.10 

+  5.17 

31 

—0.03 

—  1.18 

+0.115 

+5.96 

3.30 

-0.28 

—11.02 

+0.08 

+  4.14 

JmM    1 

+0.04 

+  i.5r 

+0.106 

+6.43 

3.30 

-0.18 

—  7.19 

+0.045 

+  2.88 

6 

-0.19 

—  7.48 

+0.06 

+3.10 

8 

+0.07 

+  2.76 

+0.12 

+6.20 

8.30 

+0.015 

+  0.59 

+0.09 

+  4.65 

9 

1 

—0.015 

—  0.69 

+0.115 

+5.96 

8.30 

—0.07 

—  2.76 

+0.115 

+  6.96 

U 

+0.14 

+  5.51 

+0.07 

+3.62 

3.30 

—0.145 

—  6.71 

—0.06 

-8.10 

12 

+0.12 

+  4.72 

,+0.035 

+1.81 

3.40 

-0.206 

—  8.07 

—0.10 

-6.17 

15 

^ 

+0.02 

+  0.79 

+0.08 

+4.14 

3.30 

-0.23 

—  9.06 

-0.02 

-1.08 

16 

+0.095 

+  3.74 

+0.035 

+1.81 

3.40 

-0.33 

—12.99 

—0.11 

-6.69 

19 

+0.166 

+  6.50 

+0.09 

+4.65 

3.30 

+0.025 

+  0.99 

+O.OT 

+  8.62 

20 

+0.325 

+12.80 

+0.015 

+0.78 

3.30 

-0.03 

-1.18 

-0.08 

-4.14 

21 

+0.26 

+10.24 

-0.01 

-0.62 

3.40 

-o.or 

—  2.76 

-0.136 

-6.96 

22 

+0.21 

+  8.27 

+0.00 

0.00 

8.50 

-0.146 

-5.71 

-0.10 

-6.17 

25 
26 
29 

+0.135 

+  5.32 

+0.02 

+1.03 

+0.19 

+  7.48 

+0.11 

+5.69 

3.30 

+0.08 

+  3.15 

+0.106 

+  6.48 

90 

+0.17 

+  6.60 

-0.005 

-0.26 

4 

-0.09 

—  3Ji4 

-0.126 

-6.46 

July    2 

+0.39 

+15.36 

—0.065 

-2.85 

3.46 

-0.02 

-0.79 

—0.18 

-9.81 

— 

12.50 

+3^^52 

+K^08 

3.32 

-y/.96 

-y'.66 
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Lefttl  I. 

+  -iEMt. 

1  laoh  »  89^/.87. 


TOWER  MOTION. 
Cleab  Dats  =  86  Days.  —  Conduded, 


Latvl  n. 

+  «  North. 

1  Inch  o.  bVri. 


Date. 

P.M. 

Am. 

Level  I. 

Level  n. 

P.M. 

Am. 

Level  I. 

Level  II. 

1866. 

Inches. 

rr 

Inches. 

// 

Inches. 

ff 

Inches. 

n 

April  25 

6 

—0.13 

-6.12 

+0.10 

+  5.17 

27 

6 

-0.44 

—17.32 

-0.26 

—13.44 

10.30 

-0.295 

-11.62 

-0.07 

-3.62 

28 

-0.25 

—  9.84 

-0.18 

—  9.31 

10.30 

-0.20 

—  7.81 

-0.04 

-2.07 

90 

—0.28 

-11.02 

-0.30 

—15.51 

May     4 

—0.26 

—10.24 

—0.215 

—11.12 

10.30 

-0.20 

—  7.87 

-0.03 

-IJB 

6 

-0.43 

—16.93 

—0.28 

—14.48 

10.40 

-0.335 

—13.19 

-0.09 

-4.65 

7 

-0.34 

-13.39 

-0.36 

—18.61 

10.15 

—0.34 

—13.39 

—0.085 

—4.40 

8 

—0.36 

—14.17 

-0.23 

—11.89 

10.30 

—0.28 

—11.02 

—0.09 

-4.65 

10 

—0.20 

-7.87 

-0.24 

-12.44 

11 

—0.25 

—  9.84 

—0.10 

—  5.17 

10.40 

-0.22 

-8.66 

+0.06 

+3.10 

12 

-0.305 

-12.01 

—0.20 

-10.34 

10 

-0.225 

-8.86 

+0.00 

0.00 

14 

12 

-0.10 

—  3.94 

+0.156 

+«.08 

15 

-0.20 

-7.87 

+0.08 

+  4.14 

11.20 

-0.17 

—  6.69 

+0.125 

+6.46 

16 

-0.325 

-12.80 

+0.09 

+  4.65 

19 

-0.526 

—20.67 

+0.06 

+  3.10 

10.30 

-0.45 

—17.72 

+0.115 

+5.95 

24 

—0.29 

-11.42 

+0.08 

+  4.14 

30 

-0.285 

-10.44 

+0.10 

+  5.17 

10.30 

—0.226 

—  8.86 

+0.11 

+5.69 

31 

—0.37 

-14.57 

+0.06 

+  8.10 

Jane    1 
6 
8 

-0.366 

—13.98 

+0.0i5 

+  2.33 

10.40 

-0.28 

—11.02 

+0.00 

+4.65 

-0.08 

-3.16 

+0.12 

+  6.20 

10.40 

-0.11 

—  4.33 

+0.140 

+7.60 

» 

5.30 

—0.31 

—12.40 

+0.U 

+  5.69 

11 

-0.38 

-14.96 

—0.09 

—  4.65 

12 

-0.28 

-U.02 

—0.106 

-5.43 

10.30 

-0.22 

—  8.66 

+0.045 

+200 

15 

-0.395 

-15.65 

—0.06 

-2.69 

16 

-0.49 

-19.29 

-0.11 

-5.69 

10.60 

-0.83 

-12.90 

+0.06 

+2« 

19 

-0.08 

—  3.15 

+0.07 

+  3.62 

20 

-0.15 

-5.91 

-0.09 

—  4.65 

10.30 

-0.06 

-1.97 

+0.04 

+2.07 

21 

-0.146 

-5.71 

-0.115 

—  6.96 

22 
25 
26 

-0.205 

-8.07 

-0.065 

—  3.36 

40.03 

+  1.18 

—0.155 

-8.01 

29 

-0.01 

—  0.39 

+0.06 

+  3.10 

30 

5.30 

-0.005 

—  0.20 

—0.08 

—  4.14 

Jalj    2 

-0.19 

—  7.48 

—0.185 

—  9.67 

Means. 

5.58 

-lo^'.n 

-y'.93 

10.30 

-^/.33 

+1//.61 
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Loftl  I. 


TOWER  MOTION. 
Cloudt  Dat8  =  24  DaifM, 


Urd  n. 

+  -i  North. 
liiieh»6K/.7. 


• 

Leyki.  I. 

LSVBI.  n. 

Levxl  I.       1 

lbybl  n. 

IMe. 

A.M. 

A.m. 

A.M. 
A.m. 

IMS. 

InchM. 

rr 

InolM. 

rr 

InolMi. 

// 

Inehef. 

rr 

▲piflM 

8 

-0.4B5 

-17.92 

+0.23 

+11.89 

10.30 

-0.36 

-14.17 

+0.215 

+11.12 

26 

7.15 

—0.10 

-8.94 

+0.13 

+  6.72 

10 

-0.14 

-5.51 

+0.13 

+  6.72 

Maj     1 

8 

—0.20 

—  7.87 

+0.075 

+  3.88 

10.30 

-0.15 

—  6.91 

+0.06 

+  3.10 

2 

8 

-0J» 

—19.69 

+0.10 

+  5.17 

10.30 

—0.50 

—19.69 

+0.10 

+  5.17 

3 

8 

-0.34 

—13.39 

+0.08 

+  4.14 

10.30 

-0.11 

—  4.33 

+0.065 

+  3.36 

9 

7.30 

-0.30 

—11.81 

+0.05 

+  2.59 

10.30 

—0.300 

-12.01 

+0.045 

+  2.33 

17 

8 

-0.83 

—12.99 

+0.14 

+  7.24 

10.46 

-0.34 

-13.39 

+0.135 

+  6.98 

IB 

7.30 

—0.34 

—13.39 

+0.12 

+  6.20 

10.46 

-0.355 

-13.98 

+0.12 

+  6.20 

21 

7.30 

-0.34 

—13.39 

-H).l3 

+  6.72 

10.45 

-0.32 

-12.60 

+0.11 

+  5.69 

22 

7.30 

—0.28 

-11.02 

+0.115 

+  5.95 

10.46 

—0.19 

—  7.48 

+0.115 

+  5.95 

23 

7.30 

-0.135 

-5.32 

+0.08 

+  4.14 

10.40 

—0.06 

—  2.36 

+0.095 

+  4.91 

29 

9.20 

-0.23 

-9.06 

+0.08 

+  4.14 

10.45 

-0.16 

—  6.30 

+0.08 

+  4.14 

26 

7.40 

—0.20 

-7.87 

+0.09 

+  4.65 

10.46 

-0.005 

—  3.74 

+0.116 

+  6.95 

28 

7.30 

—0.275 

-10.83 

+0.12 

+  6.20 

10.45 

-0.30 

—11.81 

+0.125 

+  6.40 

29 

7.30 

-0.21 

—  8.27 

+0.11 

+  5.69 

10.45 

-0.08 

—  3.15 

+0.11 

+  6.69 

Jum   2 

7.30 

-0.27 

—10.03 

+0.09 

+  4.65 

10.30 

—0.265 

-10.44 

+0.09 

+  4.66 

4 

IM 

-0.28 

—11.02 

+0.11 

+  5.69 

10.50 

—0.29 

-11.42 

+0.11 

+  6.69 

ff 

7^ 

-0.32 

—12.60 

+0.115 

+  5.95 

10.30 

—0.32 

—12.60 

+0.U 

+  6.69 

7 

7.35 

-0.155 

—  6.11 

+0.126 

+  6.46 

10.40 

-0.055 

-2.17 

+0.14 

+  7.24 

13 

8.30 

-0.19 

-7.48 

+0.115 

+  6.96 

11 

—0.22 

—  8.66 

+0.11 

+  5.69 

14 

7.30 

—0.275 

—10.83 

+0.005 

+  4.91 

11 

-0.276 

—10.83 

+O.095 

+  4.91 

18 

8 

-0.14 

-5JJ1 

+0.13 

+  6.72 

10.45 

—0.165 

—  6.50 

+0.13 

+  6.72 

23 

7.30 

-0.09 

—  3.54 

+0.11 

+  5.69 

10.30 

-0.09 

—  3.54 

+0.11 

+  5.69 

28 

8.30 

-0.105 

—  4.14 

+0.16 

+  8.27 

10.45 

—0.095 

—  3.74 

+0.16 

+  8.27 

Mmm. 

7.47 

—VfSA 

-HJ''.82 

10.30 

-8'''.60 

+6/^76 

All  Hats  =  59  Dayi, 


-^f.1^ 


+5'^64 


— 0''.95 


+5/'.03 


Bejectri 

\  AS  Umreliablb  =  6  Clear  Days, 

Jolj    3 

7.35 

+0.125 

+  4.92 

+0.04 

+  2.07 

10.40 

+0.175 

+  6.89 

-0.11 

—  5.69 

7.40 

+0.08 

+  3.15 

-0.07 

-3.62 

10.46 

+0.32 

+12.60 

-0.13 

—  6.72 

7.35 

—0.07 

-2.76 

— O.Ol 

—  0.62 

10.30 

+0.13 

+  5.12 

-O.065 

—  3.36 

7.60 

-0.006 

—  0.20 

-O.06 

—  3.10 

10.45 

+0.205 

+  8.07 

—0.14 

—  7.24 

7.40 

+0.005 

+  0.20 

-O.085 

—  4.40 

10.30 

+0.285 

+11.22 

—0.155 

-8.02 

Mmoi. 

+1'''.06 

-1^/.91  j 

+8^^78 

-6''.21 
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Level  I. 


TOWER  MOTION. 
Cloudt  Days  =  24  Da^s,  —  Continued, 


Letel  n. 
+  «Nortti. 


Dftto. 

P.M. 
A.m. 

Level  I. 

Level  n. 

P.M. 
h.tn. 

Level  I. 

Level  n.     * 

1866. 

Inches. 

// 

loehei. 

// 

Inches. 

// 

Inehet. 

rr 

April  24 

-0.36 

-14.17 

+0.21 

+10.86 

4 

-0.816 

—12.40 

-1-0.195 

+10.08 

26 

12.30 

—0.16 

—  6.30 

-1-0.12 

+  6.20 

3 

—0.16 

—  6.30 

-H).i2 

+  6.20 

May     1 

-0.18 

-7.19 

-1-0.06 

+  2.58 

3.30 

—0.18 

—  7.19 

-H).07 

+  3.02 

2 

-0.44 

—17.32 

-H).09 

+  4.65 

3.30 

—0.46 

—17.72 

-0.11 

—  5.69 

3 

-0.17 

—  6.69 

-1-0.005 

+  0.26 

3.30 

-0.175 

-6.89 

+0.01 

+  0J52 

9 

2.30 

—0.325 

-12.80 

-0.03 

—  1.56 

17 

-^.325 

-12.80 

-1-0.13 

+  6.72 

3.30 

-0.315 

-12.40 

+0.125 

+  6.46 

18 

-0.375 

-14.77 

-fO.125 

+  6.46 

4 

—0.37 

-14.57 

-M).il5 

+  6.95 

21 

—0.29 

—11.42 

+0.145 

+  7.50 

4 

-0.38 

—14.96 

-1-0.145 

+  7.50 

22 

-0.18 

-7.19 

-fO.105 

+  5.43 

3.30 

—0.275 

—10.83 

-1-0.106 

+  5.43 

23 

—0.06 

-2.36 

+0.085 

+  4.40 

3.30 

—0.10 

—  3.94 

+0.086 

+  4.40 

25 

—0.13 

-5.91 

-H).09 

+  4.65 

3.30 

—0.15 

-6.91 

+0.07 

+  3.02 

26 

-0.08 

—  3.15 

-H).io 

+  5.17 

3.30 

-0.225 

—  8.86 

-1-0.05 

+  2.50 

28 

-0.285 

—11.22 

-H)135 

+  6.98 

4 

-0.31 

—12.20 

-H>.126 

+  6.46 

29 

—0.155 

—  6.11 

+0.11 

+  5.69 

3.30 

-0.155 

-6.11 

+0.11 

+  6.69 

JuDe    2 

-0.25 

—  9.84 

-1-0.09 

+  4.65 

3.40 

-0.345 

-13.60 

-1-0.07 

+  3.62 

4 

—0.31 

—12.20 

+0.11 

+  5.69 

3.30 

-0.31 

-12.20 

-H).ii 

+  5.69 

6 

—0.335 

—13.19 

-H).ll5 

+  6.96 

3.30 

-0.335 

—13.19 

-1-0.11 

+  5.69 

7 

-O.035 

—  1.38 

-M).il6 

+  5.96 

3.30 

—0.215 

—  8.47 

-1-0.065 

+  3.36 

13 

-0.fi35 

-9.26 

+0.11 

+  6.69 

14 

—0.285 

—11.22 

+0.09 

+  4.65 

18 

-0.205 

-8.07 

+0.125 

+  6.46 

3.30 

-0.23 

-9.06 

+0.125 

+  6.46 

23 

—0.09 

—  3.54 

-H).07 

+  3.62 

28 

—0.095 

—  3.74 

-1-0.16 

+  8.27  ; 

4 

-0.09 

—  3.54 

+0.16 

+  8.27 

Meaoc. 

12.59 

-8'^65 

+5''.59 

3.33 

— lO^'.lS 

-H'^49 

Means. 


All  I)at8  =  59  Dayn, 


—VfJSl 


-\-2fr.Vl 


—7^^.62 


-O'/.aT 


Rejected  as  Uvrbliablb  =  6  Clmr  Days. 


July     3 

-H).24 

+  9.45 

-0.28 

—14.48 

3.40 

-O.07 

—  2.76 

-0.38 

—19.65 

4 

+0.16 

+  5.91 

—0.20 

-10.34 

3.30 

-ho.oi 

+  0.39 

—0.22 

—11.37 

6 

-0.155 

—  6.11 

-0.17 

-8.79 

3.45 

—0.16 

—  6.30 

—0.33 

-17.06 

6 

-0.12 

—  4.72 

—0.24 

—12.41 

3.45 

-0.065 

-2.56 

-0.36 

—18.61 

7 

1.10 

-H).22 

+  8.66 

-0.30 

—15.51 

3.30 

-0.14 

—  6.51 

-0.43 

—22.23 

Means. 

+2^^.64 

-12'/.3l'j 

-^'.35 

-17^.78 
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Lore!  I. 
lineh»»^/.87. 


TOWER  MOTION. 
Cloudy  Dats  =  24  Days,  —  Concluded. 


Level  n. 
llnch  =  61//.7. 


liBVEL  n. 

Leysl  I. 

Lbviei.  n. 

Bate. 

P.M. 

P.M. 

k,m. 

laee. 

InehM. 

tr 

InohM. 

/A 

Inchei. 

// 

Inehei. 

// 

April  2ft 

-0.29 

-11.42 

+0.196 

+10.08 

12 

-0.20 

-7.87 

+0.196 

+10.08 

as 

-0.14 

—  6.61 

+0.10 

+  6.17 

11.16 

-0.246 

-9.66 

+0.216 

+11.12 

Mmj     1 

-0.226 

-8.86 

+0.07 

+  8.02 

2 

-0.47 

—18.60 

-0.076 

—  8.88 

10.40 

-0.486 

—19.10 

+0.07 

+  8.62 

8 

-0.26 

-9.84 

+0.04 

+  2.07 

10.80 

-0.26 

-9.84 

+0.07 

+  8.62 

9 
17 
18 

-0.87 

-14.67 

-0.04 

—  2.07 

10.40 

-0.84 

-18.89 

+0.026 

+  1.29 

-0.37 

-14.67 

+0.12 

+  6.20 

21 

-0.42 

-16.64 

+0.146 

+  7.60 

10.40 

—0.805 

-12.01 

+0.18 

+  6.72 

22 

-0.27 

—10.68 

+0.096 

+  4.91 

28 

-0.126 

-4.92 

+0.08 

+  4.14 

26 

-0.176 

-6.89 

+0.076 

+  8.88 

11 

-0.196 

—  7.68 

+0.09 

+  4.66 

20 

-0.24 

-9.46 

+0.046 

+  2.88 

10.80 

-0.246 

-9.66 

+0.08 

+  4.14 

28 

-0.88 

-12.98 

+0.18 

+  6.72 

10.80 

-0.80 

-11.81 

+0.12 

+  6.20 

29 

-0.166 

-6.11 

+0.11 

+  6.68 

JOM     2 

-0.44 

—17.82 

+0.06 

+  2.69 

10.80 

-0.84 

-1&89 

+0.08 

+  4.14 

4 

-0.88 

-12.60 

+0.11 

+  6.69 

10.80 

-0.82 

-12.00 

+0.116 

+  6.96 

6 

-0.856 

-18.98 

+0.11 

+  6.69 

10.40 

-0.86 

-14.17 

+0.116 

+  6.96 

7 
18 
14 

-0.26 

-10.24 

+0.07 

+  8.62 

6.80 

-0.80 

-11.81 

+0.096 

+  4.91 

18 

6 

-0.476 

-18.70 

+0.096 

+  4.91 

10.40 

-^.87 

-14.67 

+0.116 

+  6.96 

28 

28 

6.80 

-0.116 

—  4.68 

-O.08 

—  1.66 

Mooe. 

6.8 

-11/^48 

+y/.9i 

10.47 

-1V/.98 

+y'.66 

All  Days  =  59  Days, 


—WfJSl 


-0"'.78 


— 10''.48 


+8''.88 


Rbjbgtbd  as  Unrbliablb  =  5  Clear  Days, 


Jvlj    8 

4 
5 
6 
7 


M«ttis. 


6 

6.10 

6 


-0.11 

-^.82 
-0.18 
-0.26 


-4.88 

—12.60 
—  6.12 

-9.84 


-V'.88 


-0.41 

-0.88 
-0.88 
-0.41 


-21.20 

—17.06 
-18.61 
-21.20 


— W.61 
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5.  Evaporating  Nichbs,  at  the  Labobatobt  of  the  Maine 
State  College  of  Agbicultube  and  the  Mechanic  Abts. 
By  S.  F.  Peckham,  of  Orono,  Maine. 

Few  questions  are  more  perplexing  to  those  intrusted  with  the 
construction  of  Laboratories  than  those  arising  in  reference  to  ven- 
tilation. The  various  devices  that  have  been  resorted  to,  in  order 
to  adapt  buildings  originally  constructed  for  other  purposes  to 
laboratory  uses,  need  not  be  mentioned  here,  as  all  chemists  are 
more  or  less  familiar  with  them.  Many  of  them  are  valuable  and 
efficient  to  a  certain  extent,  but  every  one  who  has  been  forced  to 
resort  to  their  use  has  never  been  satisfied  with  their  operation. 
Even  in  the  construction  of  new  building,  the  exercise  of  economy 
in  reference  to  room  has  frequently  lea  to  the  necessity  of  de- 
voting a  building  to  many  other,  as  well  as  to  laboratory  uses.  The 
basements  of  large  buildings, —  like  those  of  the  Massachusetts  In- 
stitute of  Technology,  and  Sheffield  Scientific  School,  —  perhaps 
because  less  readily  adapted  to  the  uses  of  other  departments,  have 
been  devoted  to  laboratories^  where  low  ceilings  and  windows  have 
been  scarcely  compensated  by  the  increased  height  of  the  flues. 
The  laboratories  of  these  institutions,  however,  have  methods  of 
ventilation  much  superior  to  those  of  earlier  construction. 

The  building  for  laboratory  uses  just  completed  at  the  Maine 
College  of  Agriculture  and  the  Mechanic  Arts,  at  Orono,  contains 
special  provisions  for  securing  thorough  ventilation,  superior  to 
any  that  we  have  met.  The  style,  size,  and  general  arrangement  of 
the  building  are  almost  identical  with  those  of  Brown  Univeraity, 
Providence,  R.I.,  having  been  built  after  plans  furnished  by  the 
same  architect.  The  main  building,  which  is  of  two  stories,  thir- 
teen feet  six  inches  and  fourteen  feet  in  height  respectively,  con- 
tains twenty  flues,  twelve  of  which  are  in  two  stacks  of  six  each, 
and  the  other  eight  in  four  stacks  of  two  each.  These  contain 
numerous  registers  in  both  stories,  and  furnish  ample  ventilation ; 
especially  as  the  rooms,  with  the  exception  of  the  private  labora- 
tory of  the  Professor,  are  none  of  them  used  for  purposes  of  analysis 
or  research,  but  as  Library  and  Weighing  Room,  Cabinet,  Lecture 
Room,  and  Apparatus  Rooms. 

An  L,  fifty  feet  by  thirty-eight,  and  of  only  one  stoiy,  contains 
the  working-room  for  students.    It  is  of  the  entire  size  of  the  L,  and 
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fifteen  feet  high,  lighted  from  the  sides  by  ten  windows,  each  eight 
feet  in  height.  The  light  is  very  ample,  and  the  unusual  height  of 
the  room  lessens  very  much  the  necessity  for  extraordinary  measures 
for  ventilation.  Means  to  this  end,  however,  have  not  been  neg- 
lected ;  and  while  they  are  more  preventive  than  otherwise,  with 
ordinary  precautions,  together  with  the  unusual  roominess  of  the 
apartment,  the  results  attained  have  been  in  the  highest  degree 
satisfactory. 

A  few  years  after  the  building  at  Brown  University  was  com- 
pleted, the  new  laboratoiies  at  the  Prussian  Universities  of  Berlin 
and  Bonn  were  built.  The  method  adopted  in  these  laboratories, 
to  secure  freedom  from  products  which  it  is  usually  found  neces- 
sary to  remove  by  ventilation,  are  novel  and  eifectual,  and  were 
very  fully  described  in  the  London  "  Chemical  News  "  *  during  the 
autumn  of  1866.  Niches  were  constructed  within  the  walls  of  the 
building,  connected  with  the  outer  air  by  flues,  and  so  arranged  as 
to  be  completely  shut  off  from  the  room  by  a  sliding  sash. 

When  I  came  to  Orono,  the  main  building  alone  was  erected, 
with  the  L  which  contains  the  student's  laboratory  yet  to  be  con- 
structed. I  determined  to  make  the  ventilation  of  the  L  more 
satisfactory  than  that  of  Brown,  if  I  could  devise  any  plan  that 
could  be  brought  within  the  means  at  the  disposal  of  the  Board 
of  Trustees.  I  estimated  that  to  build  the  niches  like  those  at 
Berlin,  if  soapstone  were  substituted  for  sandstone,  would  add  to 
the  cost  of  the  building  from  one  hundred  and  fifty  to  two  hundred 
dollars  each,  or  in  the  'aggregate  from  twelve  hundred  to  sixteen 
hundred  dollars.  This  estimate  made  them  too  expensive,  and  I 
sought  in  every  way  to  reduce  the  cost  to  a  minimum  amount. 

While  the  Prussian  niches  were  lined  with  slabs  of  sandstone  at 
the  top,  bottom,  and  sides,  I  concluded  that  only  the  slab  that 
formed  the  base  must  necessarily  be  constructed  of  similar  material. 
Some  ordinary  plaster  walls,  on  the  inside  of  a  common  hood,  at 
Brown  Univei-sity,  had  stood  for  several  years  in  constant  use, 
when  protected  by  a  paint  composed  largely  of  paraffine-f  I 
therefore  determined  to  make  the  roof  and  sides  of  the  niches  of 
brickwork,  and  protect  the  heavy  coating  of  plaster,  first  with  a 

*  Chemical  News,  vol.  xiv.,  p.  181,  et  seq. 

t  ThiB  paint  was  first  used,  I  belieye,  by  Professor  John  Pierce.  That  used 
here  was  prepared  by  dissolving  enough  parafflne  in  naphtha  to  leave  a  thin 
coating  by  evaporation,  then  sufficient  zinc  white,  ground  in  oil,  was  added  to 
give  a  proper  body. 
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very  smooth  hard  finish  of  plaster  of  Paris,  and  then  with  a  heavy 
coat  of  paraffine  paint.  These  surfaces  are  very  smooth  and  hard, 
and  do  not  appear  to  be  affected  by  chemicals,  although  of  course 
they  have  not  yet  stood  the  test  of  time.  The  base  is  made  of  a 
single  slab  of  soapstone.  Its  form,  as  well  as  that  of  the  niche, 
together  with  the  position  of  the  slab  when  set,  is  shown  in  the 
following  sections,  which  are  drawn  to  a  scale  of  one  twenty-fourth. 

Fig.  1  represents  the  upper  surface  of  the  slab,  with  the  smaller 
slab  in  place. 

Fig.  2  represents  a  section  of  the  slab  through  the  line  f  g^ 
Fig.l. 

Fig.  3  represents  a  section  of  the  slab  through  the  line  de^ 
Fig.  1. 

Fig.  4  represents  the  slab  with  smaller  slab  removed. 

Fig.  5  represents  the  under-surface  of  the  slab. 

Fig.  6  represents  a  vertical  section  of  the  niche,  along  the  line 
fg  of  the  slab  when  set. 

Figures  1  to  5  represent  a  slab  of  soapstone  twenty-seven  (27) 
inches  square,  by  four  (4)  inches  in  thickness.  At  a  and  a.  Fig.  1, 
are  slots,  one  by  three  inches,  that  pass  through  the  slab,  and  upon 
the  opposite  side  terminate  the  horse-shoe-shaped  groove.  Fig.  5. 
At  c,  Fig.  1,  is  a  smaller  movable  slab  twelve  by  thirteen  inches, 
and  one  inch  thick,  which  is  shown  in  section  at  Figs.  2  and  8. 
This  small  slab  contains  nine  three-quarter  inch  perforations,  con- 
nected on  the  upper  surface  by  grooves.  At  &,  Figures  1,  2,  and 
4,  is  a  three-inch  circular  depression,  to  receive  the  lower  end  of 
the  conical  earthenware  pipe,  r  by  Fig.  6. 

Fig.  2  shows  the  two  slabs  in  section  along  the  line  fg^  Fig.  1. 
The  cavity  beneath  the  smaller  slab,  c,  is  shown  with  the  perfora- 
tion, A,  Figures  4  and  5,  which  passes  through  the  slab  and  re- 
ceives the  lead  pipe,  o.  Fig.  6. 

Fig.  3  shows  the  two  slabs  in  section  along  the  line  d  6,  Fig.  1. 
The  slot,  a,  is  shown  passing  through  the  slab  and  communicating 
with  the  groove  at  u. 

Fig.  4  shows  the  large  slab,  with  the  smaller  slab  removed,  and 
also  the  cavity  which  appears  in  section  beneath  c,  Fig.  2.  The 
slab,  c,  rests  squarely  on  a  ledge  three-quarters  of  an  inch  wide  all 
around,  from  which  the  sides  slope  to  the  centre. 

Fig.  5  shows  the  under-surface  of  the  slab  with  the  horse-shoe- 
shaped  groove,  which  is  three  inches  wide,  and  half-an-inch  deep 
in  the  centre. 
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The  dotted  lines  at  Fig.  1  show  the  outline  of  the  brick  wall 
forming  the  sides  of  the  niche. 
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Pig.  6  shows  a  vertical  section  of  the  niche  along  the  line  fg^ 
Fig.  I'y  yz  IB  the  level  of  the  finished  floor ;  n  is  the  door  and 
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panel-work  covering  the  bric}i^work,  and  open  space  beneath  the 
slab  which  contains  the  earthen  jar,  n,  to  receive  the  drip  from  the 
pipe,  o;  w  is  a  cast-iron  pipe,  three  inches  in  diameter,  which  con- 
nects the  posterior  portion  of  the  groove.  Fig.  5,  with  the  outer 
air.  The  slab,  to  a^  is  set  one  course  of  brick  from  the  outside  of 
the  building :  r  ft  is  a  conical  earthenware  pipe,  thirty-three  inches 
in  length,  glazed  inside  and  out,  of  three  inches  eoetemal  diameter 
at  the  lower  end,  and  six  inches  intemcU  diameter  at  the  upper 
end.  With  this  pipe  is  connected  at  the  upper  extremity  what  is 
called  a  Y-joint,  having  three  six-inch  openings,  je>,  r,  and  s.  At  s  sl 
projection  is  thrown  into  the  pipe,  from  which  any  products  of 
condensation  flowing  down  the  flue  will  drop  through  the  orifice, 
r,  instead  of  p.  The  flue  is  then  carried  out  of  the  roof  of  the 
building  by  a  common  six-inch  glazed  drain-pipe,  in  two  feet 
lengths. 

When  the  niche  is  closed,  a  constant  circulation  of  fresh  air  is 
kept  up  through  the  pipe,  m.  Fig.  6,  the  groove.  Fig.  5,  the  slots, 
a  and  a.  Figures  1,  4,  and  5,  the  branch,  p  «,  and  flue,  a  ty  Fig.  6. 
The  niches  are  each  supplied  with  gas,  and  when  the  draft  is  in- 
adequate a  Bunsen's  burner  placed  at  p  increases  it  sufficiently. 
Any  products  of  condensation  will  flow  down  the  flue,  and  passing 
down  r  ft,  beneath  the  slab,  c,  are  finally  discharged  into  the  jar,  n, 
through  the  drip,  o.  Any  slops  within  the  niche  flow  through  the 
orifices  in  c  to  the  same  receptacle.  The  panel-work  above  and 
below  the  slab,  with  the  mouldings  that  hold  the  sliding  sash, 
may  be  finished  to  correspond  with  the  other  woodwork  of  the 
room. 

A  comparison  of  these  sections  with  the  illustrations  in  the  xiv. 
volume  of  the  "  Chemical  News;"  accompanying  the  article  above 
referred  to,  will  show  that  the  niches  here  and  in  Prussia  are 
essentially  unlike  only  in  the  material  of  which  they  are  constructed. 
They  are  identical  in  every  respect  necessarily  involved  in  their 
operation ;  and  whUe,  at  rare  intervals  of  excessively  low  barometer, 
the  unaided  draught  of  the  flues  is  insufficient,  it  is  usually  so 
strong  as  to  interfere  with  the  combustion  of  lamps,  and  removes 
without  difficulty  every  trace  of  sulphydrio  acid  set  free  within 
the  niche.  Even  at  the  intervals  referred  to  above,  the  defective 
draught  may  be  remedied  by  burning  a  lamp  within  the  niche,  and 
thus  ensuring  its  perfect  action. 

We  consider  the  introduction  of  these  niches  in  every  respect  a 
success,  and  heartily  recommend  the  plan  to  all  who  may  be  seek* 
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ing  to  avoid  the  necessity  of  performing  evaporations  in  the  open 
laboratory,  as  in  many  respects  preferable  to  any  that  has  come 
under  our  notice. 


6-  The  Chemical  Equivalent  of  Etheb.    By  H.  F.  Walling, 
of  Boston,  Mass. 

Supposing  the  ether  of  space  to  be  a  gas,  and  therefore  that  it 
has  an  atomic  weight  or  chemical  equivalent,  I  have  thought  that, 
under  the  dynamic  theory  of  gaseous  elasticity,  this  atomic  weight 
could  be  computed  in  a  simple  manner  whenever  certain  data 
should  be  sufficiently  well  determined,  and  that  even  now  a  toler- 
able approximation  may  be  attained. 

In  the  equation 

to  t?'  =  c  *, 

let  w  represent  the  weight  of  an  atom  or  molecule  of  any  gas,  v  the 
velocity  of  an  acoustic  wave  in  this  gas,  and  t  any  temperature 
reckoned  from  absolute  zero  in  degrees  which  represent  equal 
accessions  of  energy  to  the  gaseous  atoms  or  molecules.  Then 
will  c  be  constant,  or  very  nearly  so,  for  all  gases  at  temperatures 
considerably  above  that  of  liquefaction. 

To  prove  this,  we  may  first  show  that  v*  changes  in  a  constant 
ratio  with  t  in  any  gas,  to  remaining  constant. 

Now  the  velocity  of  an  acoustic  wave  is  ascertained  by  calculating 
the  velocity  acquired  by  a  body  in  falling  a  distance  equal  to  one 
half  the  length  of  that  homogeneous  column  of  the  gas,  which  has 
a  sufficient  weight,  when  vertically  placed,  to  produce  by  its  own 
gravity  a  pressure  equal  to  that  maintained  in  the  gas.  The 
velocity  thus  found  is  multiplied  by  a  coefficient,  constant  for  all 
perfect  gases  and  at  all  temperatures.*    Since  the  height  of  the 

*  This  coefficient,  as  found  by  experiment,  is  V  1.42,  and  it  represents  the 
amount  of  acceleration  which  is  produced  hy  the  disturbance  of  temperature 
developed  in  the  condensation  and  rarefaction  of  the  wave. 

The  cause  and  amount  of  this  acceleration  was  first  indicated  by  La  Place, 

1  42 

— — ,  the  square  of  the  above  coefficient,  being  the  ratio  of  the  amount  of  heat 

expended,  indudmg  the  external  work  done,  when  a  gas  is  heated  and  allowed  to 
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balancing  column  is,  according  to  the  law  of  Gay  Lussac,  propor- 
tional to  the  absolute  temperature,  and  since  the  square  of  the 
velocity  acquired  in  falling  is  in  proportion  to  the  height  of  the 
fall,  v^  maintains  a  constant  ratio  to  ty  and  c  is  therefore  constant 
60  long  as  V)  remains  unchanged. 

Moreover,  since  the  densities  of  different  gases  at  a  common 
temperature  and  pressure  are  proportional  to  their  atomic  weights, 
the  heights  of  their  balancing  columns,  and  therefore  v^  must  be 
inversely  proportional  to  to.  Hence  the  product  to  v^  is  the  same 
for  all  gases  having  the  same  temperature,  and  hence  c  is  constant 
for  all  gases  at  all  temperatures  considerably  above  liquefaction. 

Assuming,  for  hydrogen,  that  1/7  ==  1,  and  taking  the  velocity  of 
sound  in  that  gas  at  zero  Centigrade  to  be  4164  feet  per  second, 
as  determined  by  Dulong,  we  have  (4164)^  w  =  273  c ;  zero  Centi- 
grade being  equal  to  273  degrees  of  absolute  temperature.  Whence 
c  =  63512. 

A  wave  of  light  is  generally  supposed  to  be  similar  in  kind  to  a 
wave  of  sound.    If  this  be  true,  we  have 

fjDv^  =  63512  t 
when  applied  to  ether.    The  velocity  of  light  is,  in  round  num- 
bers, 1,000,000,000  feet  per  second,  hence 

(1000000000)"  to  =  63512  t, 
in  which  t  represents  the  absolute  temperature  of  the  interplan- 
etary spaces.     Hopkins  estimates  this  at  —  38^.5  cent.  =  234^.5 
ab.  temp. ;  Fourier  at  —  50®  =  223**  ab.  temp. ;  and  Pouillet  at 
—  142^  =  131^  ab.  temp.* 

The  values  of  to,  calculated  for  ether  with  these  values  of  ^  are 
as  follows :  — 

t  =  234^.5,  w  =  .000000000014893564 
t  =  223®,  w  =  .000000000014163176 
t  =  131®,  w  =  -000000000008320072 

Taking  the  mean  of  the  estimated  temperatures,  t  =  196®, 
w  =  .000000000012448352. 

Comparing  these  values  with  the  fraction  oir=  6871Q4.767^6 

expand  under  a  constant  pressure,  to  the  amount  expended  to  produce  an  equal 
elevation  of  temperature  when  no  external  work  is  performed,  the   volume 
remaining  constant.    It  is  now  believed  that  this  ratio  is  the  same  for  all  gases 
whose  powers  of  absorption  and  radiation  are  inconsiderable. 
*  Nichols,  Cyc.  of  Phjs.  Science,  art.  Temperature. 
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=  .000000000014551912,  it  appears  that  the  atomic  weight  of 
ether  is  probably  equal  to  what  that  of  hydrogen  would  be,  after 
it  had  undergone  not  less  than  thirty-six,  nor  more  than  thirty- 
seven  successive  halvings. 

Perhaps  the  objection  will  be  raised  to  this  conclusion,  that  the 
transverse  vibrations  which  constitute  light  indicate  that  their 
medium  is  solid  rather  than  fluid,  and  therefore  that  the  relation 
between  its  atomic  weight  and  wave  velocity  is  different  from  that 
of  ordinary  gases. 

I  have,  on  previous  occasions,  advanced  the  supposition  that  the 
atoms  of  bodies,  in  consequence  of  their  momentum  and  mutual 
attractions,  fall  into  a  linear  arrangement,  in  which  contiguous 
atoms  approximate  very  closely ;  that  the  ^  elemental  fibres  "  thus 
constituted  intersect  each  other  so  as  to  occupy  space  in  its  three 
dimensions,  forming  the  edges  of  imaginary  cubes  in  gases ;  that 
the  atoms,  being  nonnimpenetrable^  traverse  freely  each  line  of  fibre 
in  both  of  its  directions,  tending,  by  mutual  attractions  and  the 
accelerations  produced  by  temporary  huddlings^  to  maintain  an 
equidistance  of  atoms  in  their  linear  arrangement ;  and  that  longi- 
tudinal vibrations,  t.e.,  along  the  fibres  (condensations  and  rare- 
factions), in  consequence  of  the  mutual  actions  and  reactions  of 
intersecting  fibres,  are  accompanied  by  transverse  vibrations  (un- 
dulations like  those  of  stretched  cords),  which  in  ether  constitute 
light,  —  the  resultant  impulses  which  produce  dynamic  effects  upon 
interposed  bodies  being  radial  for  the  longitudinal,  and  concentric 
for  the  Iransverse  vibrations. 

This  hypothesis,  if  tenable,  of  course  removes  objections  to  the 
above  conclusion,  founded  upon  a  supposed  constitutional  dissimi- 
larity between  ether  and  ordinary  gases. 


7.  Phosphates  of  Soda  and  Potash.    By  J.  Lawhencb  Smith, 
of  Louisville,  Ky. 

This  is  certainly  one  of  the  novelties  of  the  Paris  Exhibition  in 
the  chemical  department,  and  their  production  starts  with  the 
nodules  of  phosphate  of  lime,  that  have  been  recently  found  very 
widely  disseminated  in  almost  every  country.    The  process  was 

▲.A.  A.  8.  VOL.XZ.  25 
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discovered  and  perfected  by  Boblique.    The  nodules  are  more  or 
less  impure.    Those  from  Ardennes  contain : 

Silica 35  per  cent. 

Lime 28     „    „ 

Phosphoric  acid 19     „    „ 

Phosphorus ^     n    n 

(The  analysis  is  given  as  I  find  it,  although  I  do  not  understand 
exactly  how  the  8  per  cent,  phosphorus  is  combined.)* 

To  100  lbs.  of  crushed  nodules  (no  necessity  of  pulverizing)  60 
of  iron  ore  is  added.  The  mixture  is  melted  in  a  blast-furnace  of 
the  form  of  a  cupola ;  and  the  result  is  a  phosphuret  of  iron,  con- 
taining 20  per  cent,  of  phosphorus  and  a  slag  of  silicates. 

To  form  the  phosphate  of  soda,  100  parts  of  the  pulverized  phos- 
phuret is  melted,  in  the  ordinary  ftimace  for  manufacturing  soda, 
with  200  parts  of  dry  sulphate  of  soda,  and  80  parts  of  fine  char- 
coal. The  mixture  is  stirred  after  it  is  fused;  and,  when  the 
reaction  is  completed  and  the  mass  is  perfectly  fluid,  it  is  run  into 
blocks  of  1,200  or  1,500  lbs.  Exposed  to  the  air  for  several  days, 
the  blocks  crumble  to  powder,  and  the  mass  is  then  submitted  to 
a  leaching  operation;  and  the  washings,  on  being  concentrated, 
Ornish  crystals  of  tribasic  phosphate  of  soda  PO,  3NaO.  The 
residue  is  a  sulphuret  of  iron  and  sodium,  which  is  not  thrown 
away,  but  roasted  in  the  pyritic  furnace  of  the  manufacturer  of 
sulphuric  acid,  and  made  to  furnish  sulphuric  acid :  and  the  resi- 
due now  consists  of  oxide  of  iron  and  sulphate  of  soda.  The  sul- 
phate of  soda  is  washed  out ;  and  the  oxide  of  iron  may  be  usdd  to 
operate  again  on  the  nodules  of  phosphate  of  lime,  and  the  same 
sulphate  of  soda  also  used  a  second  time.  Thus  the  same  sulphur 
and  the  same  iron  perform  their  function  over  and  over  again,  fur- 
nishing an  example  of  one  of  the  most  perfect  manufacturing 
processes  known.  By  using  sulphate  of  potash,  the  potash  salt  ia 
formed  with  equal  facility. 

*  Probably  the  analyst  intended  to  say  that  the  19  phosphoric  add  contained 
S  phosphorus. 
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8.  A  Reguxator  to  maintain  a  Constant  Level  in  the  Wa- 
ter-Baths  OF  A  Laboratory.  By  J.  Lawrence  Smith, 
of  Louisville,  Ky. 

All  chemists,  who  work  much  or  little  in  the  laboratory,  realize 
the  importance  of  having  a  constant  supply  of  water  for  the  water- 
baths,  and  various  devices  have  been  resorted  to  for  the  purpose  of 
accomplishing  this  end.  One  method  is  to  have  reservoirs  of  large 
capacities  attached  to  the  water-baths,  which  would  hold  several 
litres  of  water.  Still  more  recently,  Professor  Bunsen  devised  a 
method  which  was  a  decided  improvement  on  the  above,  and 
which  has  been  fully  described  in  the  various  chemical  journals. 
The  principal  objection  to  it  will  be  mentioned  further  on.  Con- 
ceiving that  a  plan  I  have  been  employing  for  some  time  in  my 
laboratory  is  superior  to  and  simpler  than  that  of  Professor  Bun- 
sen,  and  as  this  last  has  excited  the  attention  of  practical  chemists, 
it  may  be  as  well  to  describe  it  for  the  benefit  of  those  who  may 
obooee  to  employ  it. 

It  consists,  in  the  first  place,  of  a  cylin- 
drical vessel,  i^,  made  of  tin,  zinc,  copper, 
or  wood,  of  from  two  to  three  litres  capa- 
city (copper  is  to  be  preferred  from  its 
convenience  and  durability).  It  has  sol- 
dered on  its  side,  at  convenient  places  and 
distances,  three  short  pieces  of  brass  tube 
about  1  centimetre  diameter,  and  5  centi- 
metres long.  The  lower  one,  (7,  is  used  to 
draw  off  the  water  from  the  vessel ;  the 
second  one,  B^  connects  with  a  tube 
around  the  laboratory,  which  can  be  con- 
nected, by  lateral  pipes,  with  the  water- 
baths  ;  the  third  is  for  overflow.  On  the 
rim,  and  arched  over,  is  soldered  a  brass 
rod  or  tube,  2>,  about  8  millimetres  in  dia- 
meter, having  a  short  piece  of  brass  tube, 
Mt  1  centimetre  in  diameter  and  5  centi- 
metres long,  soldered  at  right  angles  to  the 
end  of  the  tube,  through  which  a  glass  tube,  O^  slides  easily,  and  is 
pressed  and  bound  by  two  short  pieces  of  gum-tube,  ^  j^,  2  or  8 
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centimetres  long,  slipped  upon  the  upper  and  lower  end  of  the 
short  tube. 

The  second  piece,  constituting  the  instrument,  is  a  hollow  ball, 
JHJ  of  thin  brass  (two  of  the  thin  oval  cups  spun 
by  the  lamp-makers  serve  remarkably  well  for  its 
construction ;  all  that  is  necessary  being  to  sol- 
der the  two  together,  first  slipping  one  a  little 
distance  into  the  other),  and  through  the  centre 
is  passed  a  brass  tube,  11,  of  about  1  centimetre 
diameter,  projecting  3  or  4  centimetres  from  the 
ends  of  the  ball.  This  tube  is  soldered  into  the 
ends  of  the  ball,  so  as  to  make  the  cavity  of  it 
air-tight.  On  one  of  the  projecting  ends,  at  JS^  the  tube  is  cut  one- 
half  the  way  through  with  a  Y-shaped  cut.  In  this  end  of  the  tube 
a  plug  of  brass  or  wood  is  introduced,  having  on  its  end  a  soft, 
smooth  cap  of  india-rubber,  made  by  tying  one  or  two  thicknesses 
of  thin  gum  over  the  end.  This  is  introduced  as  far  as  the  lower 
part  of  the  V-shaped  cut,  and  fastened  in  the  tube  in  any  conven- 
ient way.  There  is  only  one  other  piece  that  is  necessary ;  viz., 
a  glass  tube,  &,  that  passes  easily  through  the  tubes  in  the  cup  and 
in  the  float.  This  glass  tube  is  drawn  down  carefully,  so  as  not  to 
make  the  sides  too  thin ;  it  is  broken  square  across,  and  the  end 
rubbed  a  little  with  a  fine  file  and  water,  so  that  it  may  set  squarely 
on  the  gum-pad  at  the  bottom  of  the  tube.  The  diameter  of  the 
opening  on  the  end  of  the  tube  depends  upon  the  size  of  the  float 
used,  and  the  column  of  water  supplying  the  laboratory :  1  to  2 
millimetres  I  have  found  sufficient  for  all  purposes ;  and,  with  the 
larger  float  mentioned,  an  opening  of  2  millimetres  can  be  used 
with  a  street  pressure  of  over  one  hundred  and  fifty  feet,  and  sup- 
ply twenty,  thirty,  or  more  water-baths. 

In  placing  this  regulator  in  the  laboratory,  the  best  place  to  put 
it  is  over  the  sink,  or  other  convenient  place,  to  allow  for  the  run- 
ning off  from  any  overflow  that  might  possibly  occur.  The  upper 
tube  on  the  side  of  the  vessel  is  so  arranged,  in  regard  to  height, 
that  an  overflow  will  take  place  a  little  below  the  maximum  level 
of  the  water-baths. 

With  this  description  and  the  drawing,  the  character  of  the 
instrument  and  manner  of  using  it  are  readily  understood.  The 
upper  end  of  the  glass  tube  is  conveniently  connected  with  any 
reservoir  in  the  laboratory,  or  with  the  street  pipes,  and  the  float  in 
the  instrument  regulated. 
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One  advantage  which  this  regulator  has  over  that  of  Bunsen  is, 
that  the  latter  has  to  be  made  of  glass,  and  that  mercury  is  required ; 
but  the  principal  advantage  is  that  Bunsen's  can  only  be  used  with 
a  head  of  water  a  few  feet  high,  whereas  the  regulator  just  de- 
scribed can  be  directly  attached  to  the  water-works  of  any  city. 
I  have  no  instrument  in  my  laboratory  in  constant  use  which  gives 
me  more  satisfaction  than  this. 


9.  A  Convenient  Form  of  Specific  Gravity  Flask.     By  J. 
Lawrence  Smith,  of  Louisville,  Ky. 

A  MEANS  of  readily  testing  the  specific  gravity  of  solid  bodies 
with  close  accuracy  is  much  desired  by  those  engaged  in  mineral 
chemical  research.  The  little  apparatus  I  have  been  using  for 
some  time  is  admirably  adapted  to  this  end,  giving  excellent  and 
speedy  results.  It  is  nothing  but  a  modification  of  the  specific 
gravity  bottle ;  so  constructed,  however,  as  to  use  a  very  small 
amount  of  water,  and  to  enable  large  pieces  of  the  substance  to  be 
introduced  into  the  flask,  closing  the  latter  with  a  ground  plate 
instead  of  a  stopper. 

The  apparatus  as  figured  will  explain  itself  at  once.  -4  is  a 
medium  stout  tube,  about  13  millimetres  inner  diameter,  and  about 
7  or  8  centimetres  long,  with  a  piece  of  glass  about 
three  millimetres  thick,  ground  smoothly  and  flat, 
to  lie  well  on  the  top  of  the  flask,  which  is  also 
ground.  A  gallows  screw  arrangement,  B  C  D^ 
is  made  of  brass  or  other  metal  (the  one  I  use  is 
of  platinum),  quite  light,  so  as  to  fasten  down 
gently  the  plate,  E^  when  required.  The  band, 
jB,  fits  tolerably  closely  to  the  flask,  leaving  room 
enough  for  good  red  sealing-wax  to  fasten  the 
same.  After  introducing  the  water,  and  the  sub- 
stance whose  specific  gravity  is  sought,  the  flask 
is  dried  thoroughly  with  a  piece  of  filter,  with- 
out handling  it  too  much  so  as  to  affect  the  temperature  of  the 
water.  Of  course,  all  the  specific  gravities  are  taken  as  near  60® 
Fahrenheit  as  possible,  or  they  are  corrected  for  difference  of  tem- 
perature. 
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10.  On  Bendino  Glass  Tubes  fob  Fitting  Appaeatus.    By  J. 
Lawrence  Smith,  of  Louisyille,  Ky. 

It  is  well  known  that  it  requires  some  tact  to  bend  a  tube  with 
an  even  curve  and  without  collapsing  its  sides,  and  many  chemists 
never  do  succeed  in  bending  them  skilfully.  Although  having  no 
particular  skill  in  this  matter,  I  never  fail  to  bend  them  perfectly 
satisfactorily,  by  using  a  flame  different  from  the  one  usually  em- 
ployed. The  flame  is  one  given  by  the  Bunsen  burner,  described  in 
my  article  on  Alkali  Determination  in  Silicates.  (See  ^  American 
Chemist,"  vol.  i.  p.  407.)  The  burner  is  very  commonly  used  now 
in  all  laboratories,  where  the  extremity  of  the  burner  is  flattened 
out  so  as  to  give  ia  short  and  thin  but  broad  flame,  something  like 
the  flame  of  an  ordinary  gas-burner.  The  tube  is  placed  in  this 
flame,  and  turned  round  and  round  until  a  good  heat  is  given  to 
the  tube.  It  is  then  withdrawn  from  the  flame,  and  bent,  when  it 
does  so  with  a  perfect  curve,  and  with  no  collapse  of  the  sides  of  the 
tube.  Of  course,  this  is  only  intended  for  the  smaller  tubes ;  but  a 
tube  of  1  centimetre  and  more  can  be  thus  bent  very  readily. 


11.  A  Simple,  Clean,  and  Convenient  Little  Stand  fob  Small 
FiLTBATiONS.    By  J.  Lawbenge  Smith,  of  Louisville,  Ky. 

This  conemsts  of  a  base  of  wood, 
A^  well  oiled  with  linseed  oil.  In 
this  insert  a  piece  of  glass  rod  or 
stout  tube,  jS,  and  fasten  the  same,  in 
any  convenient  manner,  by  sealing, 
wedges,  or  otherwise.  The  tube  is 
of  a  size  to  slide  easily  into  a  brass 
tube,  Oy  of  about  1  centimetre  inner 
diameter,  and  4^  inches  long.  On  the 
lower  end  of  the  brass  tube  is  slipped 
a  piece  of  stout  gum-tube,  ^,  about 
2^  centimetres  long,  that  will  clasp 
with  a  little  pressure  the  glass  tube, 
JB.    In  the  top  of  this  is  fastened  a  glass  triangle,  2>. 


Digitized  by  VjOOQIC 


PBT8ICS   JkKD   CHBMISTBY.  199 

The  morement  of  this  stand  is  very  easy ;  and,  as  the  funnel- 
Bupport  is  always  at  the  top,  there  is  no  rod  to  interfere  with  the 
pouring  of  the  liqtdd  on  the  filter  from  any  point.  It  is  well  to 
make  a  mark  round  the  glass  rod  with  a  file,  about  three-quarters 
of  an  inch  fi*om  its  upper  end,  and  fill  the  mark  with  a  httle  black 
or  red  wax  or  paint,  so  that  the  operator  may  readily  see  to  what 
extent  he  can  raise  the  brass  tube. 


12.  Steah-Boilbb  Watebs  and  Incbustations.      By  Joseph 
R.  Rogebs,  of  Madison,  Indiana. 

The  importance  of  a  scientific  consideration  of  this  subject  has 
always  been  felt  by  practical  engineers,  yet  little  or  nothing  has  as 
yet  been  done  towards  familiarizing  users  of  steam  with  those 
physical  and  chemical  laws  which  bear  so  important  a  relation  to 
the  subject.  In  the  absence  of  this  knowledge,  a  great  number  of 
means  have  been  devised  for  obviating  the  difficulties  attendant 
upon  the  use  of  hard  waters  for  steam  purposes.  These,  however, 
have  uniformly  been  of  a  crude,  empirical  sort ;  achieving,  at  best, 
only  a  very  imperfect  success,  and  often  doing  more  harm  than 
good  In  offering  this  paper  before  the  Association,  the  writer 
desires  to  present  a  brief  resumS  of  the  various  proposed  methods 
of  scale-prevention,  together  with  some  investigations  of  his  own ; 
hoping  that  such  attention  may  be  attracted  to  the  subject  as  its 
importance  demands. 

All  waters  used  in  steam-boilers  contain^  in  solution  or  suspen- 
sion, more  or  less  mineral  matter,  acquired  by  contact  with  the 
earth's  surface  or  by  percolation  through  its  alluvium  and  rocka  Of 
this,  sea-water  contains  about  2,500  grains  in  the  gallon,  in  solution ; 
river  and  lake  waters,  from  5  to  20  grains  in  solution,  and  a  varying 
quantity  in  suspension,  generally  exceeding  10  grains.  Well  and 
spring  waters  hold  but  little  in  suspension ;  but,  in  solution,  a  quan- 
tity varying  from  10  to  650  grains.  This  mineral  matter  consists  of 
a  variety  of  substances :  the  carbonates  of  lime,  magnesia,  and  iron ; 
chlorides  of  calcium,  sodium,  magnesium,  and  potassium ;  sulphates 
of  lime,  magnesia,  soda,  and  potash;  phosphate  of  lime ;  bromides 
and  iodides  of  calcium  and  magnesium;  alumina  and  silica.    Be- 
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sides  these  mineral  substances,  more  or  less  vegetable  matter  is 
foand,  which  is  derived  from  the  same  source.  Certain  gases  are> 
also,  more  or  less  present.  These  are  oxygen,  nitrogen,  carbonic 
acid,  and  sulphuretted  hydrogen;  the  first  three  being  always 
found.  Very  rarely,  salts  of  nitric  and  nitrous  acids  exist  in  the 
waters  of  wells  in  certain  localities.  All  of  the  above  substances 
are  not  uniformly  found.  The  quantity  and  character  of  the  min- 
eral matter  in  any  particular  water  depend  much  on  the  constitu- 
tion of  the  earths  and  rocks  over  which  or  through  which  it  has 
passed,  and  upon  the  various  conditions  of  location,  motion,  and 
exposure  to  light,  heat,  and  air  which  it  has  undergone.  Conse- 
quently, there  is  much  variety  in  the  constitution  of  various  waters, 
with  reference  to  their  adventitious  ingredients.  Upon  this  vari- 
ety depends  the  variation  in  their  adaptability  to  use  in  steam- 
boilers.  All  water,  on  being  evaporated  by  boiling  in  an  open 
pan,  leaves  a  residue,  composed  of  all  the  mineral  matter  contained 
in  it.  The  deposit  of  this  residue  takes  place  in  the  following 
way :  As  soon  as  ebullition  begins,  the  free  gases  are  driven  ofi^ 
not  being  soluble  in  boiling  water;  and  as  the  presence  of  car- 
bonic acid  is  necessary  to  the  solution  of  the  carbonates  of  lime, 
magnesia,  and  iron,  these  salts,  which  are  foimd  in  all  waters,  are 
precipitated  in  a  finely  crystalline  form,  tenaciously  adherent  to 
whatever  they  fall  upon.  Sulphate  of  lime,  which  is  commonly 
present,  is  soluble  in  400  parts  of  cold,  but  scarcely  at  all  in  boiling 
water;  therefore,  as  the  evaporation  proceeds,  supersaturation  oc- 
curs, and  this  salt  is  thrown  down  in  the  same  form,  and  possessing 
the  same  adherence,  as  the  carbonates.  The  other  contained  ele- 
ments, which  are  more  soluble,  are  precipitated  in  the  same  way 
by  supersaturation  as  the  quantity  of  water  is  lessened.  The  sus- 
pended matter  gradually  subsides,  and  agglutinates  with  the  other 
deposits.  In  a  steam-boiler,  the  deposit  fi*om  the  evaporated 
water  tends  to  take  place  in  the  same  manner ;  but  the  constant 
supply  of  fresh  portions,  and  the  occasional  emptying  out  of  the 
saturated  water,  prevents  the  precipitation  of  the  more  soluble  salts, 
and  these  are  retained  in  solution.  Practically,  it  is  found  that  the 
deposits  fi-om  all  kinds  of  boiler-waters  consist  almost  entirely 
of  the  carbonates  of  Ume,  magnesia,  and  iron,  and  the  sulphate  of 
lime.  Scarcely  more  than  5  per  cent,  of  other  salts  are  found.  In 
marine  boilers,  a  mushy  residuum  of  chloride  of  sodium  is  precipi- 
tated sometimes,  but  incorporates  itself  only  to  a  slight  extent 
with  the  agglutinated  incrustation  of  the  above-mentioned  salts. 
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This  latter  deposit  gradaally  acoumulates,  unaffected  by  the  force 
of  the  boiling  currents,  becoming  thicker  and  harder  till,  if  not 
removed,  it  becomes  as  dense  as  porcelain,  and  much  tougher. 
Under  the  influence  of  high  heats,  this  scale  is  often  converted 
into  absolute  glass  by  the  combination  of  the  silica,  deposited  from 
suspension,  with  the  bases  of  the  carbonates. 

The  evil  effects  of  scale  are  due  to  the  fact  that  it  is  relatively 
a*  non-conductor  of  heat.  Its  conducting  power  compared  with 
that  of  iron,  according  to  Despretz,  is  about  as  1  to  37.5.  Ac- 
cordingly, more  fuel  is  required  to  heat  water  through  the  shell 
and  flues  of  an  incrusted  boiler  than  would  be  required  if  the 
boiler  were  clear  of  scale.  It  is  readily  demonstrated  that  a  scale 
•^  of  an  inch  thick  will  demand  the  extra  expenditure  of  about 
15  per  cent,  more  fuel.  The  ratio  increases  as  the  scale  grows 
thicker.  Thus,  when  it  is  ^  inch  thick,  60  per  cent,  more  fuel 
is  needed;  when  it  is  ^  inch  thick,  150  per  cent.;  and  so  on.  The 
crust  sometimes  becomes  so  thick  as  to  prevent  a  sufficient  heating 
of  the  water  by  the  burning  of  any  amount  of  fuel  that  can  be 
placed  in  the  furnace. 

If  a  boiler  be  perfectly  clean,  the  contained  water  may  be  raised 
to  any  given  temperature  by  heating  the  external  fire-sur&ce  to  a 
temperature  a  few  degrees  higher ;  but,  if  scale  be  present,  it  will 
be  necessary  to  heat  it  still  higher,  according  to  the  thickness  of 
the  scale,  in  an  increasing  ratio.  To  illustrate :  To  raise  steam  to 
a  pressure  of  90  lbs.,  the  water  must  be  heated  to  820^  Fahr.  If 
the  boiler  be  clean,  this  may  be  done  by  heating  the  fire-surface  to 
about  325^ ;  but  if  ^  an  inch  of  scale  intervene  between  the  shell 
and  the  water,  such  is  its  non-conduction  that  it  will  be  necessary 
to  raise  the  fire-sur&ce  to  a  temperature  of  about  700^,  —  almost 
low  red-heat.  Now  the  higher  the  temperature  at  which  iron  is 
kept,  the  more  rapidly  it  oxidizes  or  carbonizes,  and  undergoes 
molecular  change.  At  any  temperature  above  600^  it  soon  loses 
the  fibrous  nature  of  wrought-iron,  and  becomes  granular  like  cast* 
iron,  which  it  has  reaUy  become  by  carbonization.  In  this  condi* 
lion  it  is  brittle,  thin,  and  under  high  heats  liable  to  bulge  or  evcQ 
give  way  to  the  great  pressure  upon  it.  Weakness  of  the  boiler 
thus  induced  predisposes  it  to  explosions,  and  makes  n^cepsarv 
expensive  repairs.  Anothei;  evil  resulting  from  the  prese^^Q^  of 
scale  is  that  it  renders  slower  and  more  difficult  the  raifui^,  i^ain-c 
taining,  and  lowering  of  steam. 

To  obviate  these  evils,  —  namely,  danger  from  explosion,  ex<- 
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pense  of  repairs,  loss  of  time,  and  waste  of  fuel,  —  very  many 
methods  have  been  devised  having  in  view  the  prevention  and 
removal  of  scale.  For  this  purpose,  picking,  scraping,  chaining, 
Ac,  are  generally  resorted  to  periodically.  Such  is  its  toughness 
and  tenacity,  however,  that  mechanical  force  only  succeeds  in 
removing  a  portion  of  it,  and  is  generally  unsatisfactory ;  since,  in 
addition,  it  is  necessary  to  empty  the  boiler,  and  allow  it  to  get 
cool  enough  to  enter;  which, with  the  operation  itself  generally 
requires  a  whole  working-day.  Various  mechanical  contrivances 
have  been  and  are  now  used  to  intercept  the  precipitated  saline 
matter  from  the  supply-water  on  its  passage  through  the  heating- 
apparatus.  They  consist,  essentially,  of  a  series  of  obstructions  to 
the  flow  of  the  water ;  this  latter  being  heated  to  boiling  by  being 
intermingled  with  the  exhaust-steam  in  the  heater,  the  carbonic 
acid  is  driven  0%  and  a  precipitation  of  the  carbonates  takes  place; 
the  deposit  accumulating  on  the  shelves,  straw,  or  other  obstruc- 
tions over  which  the  water  slowly  flows.  In  this  way,  large  accu- 
mulations of  the  matter  in  suspension  and  of  the  precipitated 
carbonates  are  prevented  from  going  into  the  boiler ;  and,  being 
retained  in  the  heater,  may  be  removed  very  conveniently  when 
opportunity  is  afforded.  This  plan,  however,  only  partially  reme- 
dies the  difficulty,  since  it  is  only  the  precipitated  carbonates  and 
the  matter  in  suspension  that  is  retained  by  the  apparatus.  The 
soluble  salts  all  pass  on  to  the  boiler,  and  also  a  great  portion  of 
the  earthy  carbonates,  which  cannot  all  be  precipitated  during  the 
short  passage  through  the  heater.  The  scale  in  the  boiler  more 
slowly,  but  as  surely,  forms.  Another  variety  of  mechanical  device 
for  preventing  scale  is  the  sediment-pan.  This — of  which  there 
are  many  forms — consists,  essentially,  of  a  shallow  vessel  which 
is  placed  in  the  bottom  of  the  boiler  with  the  view  of  catching  the 
precipitate,  and  preventing  its  deposition  on  the  inner  snr&ce  of 
the  shell.  It  is  removed  at  intervals,  and  cleaned.  This  plan 
succeeds  in  gathering  much  of  the  sediment ;  but  much,  necessa- 
rily, fastens  itself  to  the  boiler;  and  the  scale,  as  before,  continues 
to  form.  It  is  impossible  to  make  any  mechanical  contrivances 
completely  efficacious.  The  great  desideratum^  perfect  prevention, 
cannot  be  attained  by  any  mechanical  means:  to  chemistry  alone 
can  we  look  for  a  complete  method. 

For  a  long  time,  simple  chemical  agents  have  been  used,  in  an 
empirical  way,  with  a  certain  success.  Some  of  these,  and  their 
modus  operandi^  I  will  notice.     Molassesi  fruits,  slops,  vinegar. 
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cane-juice,  and  a  variety  of  vegetable  sabstances,  containing  more 
or  less  acetic  acid,  when  placed  in  the  boiler  at  regular  intervals, 
will  remove  and  prevent  the  incmstation  to  a  certain  extent.  The 
acetic  acid  decomposes  the  carbonates,  forming  acetates,  which  are 
kept  in  solution,  and  hence  cannot  become  increments  of  scale. 
The  sulphate  of  lime  and  other  salts  are  not  affected  by  it,  and 
from  these  the  scale  will  gradually  be  formed.  Moreover,  the  iron 
of  the  boiler  being  open  to  the  attacks  of  the  free  acid,  it  will  be 
gradually  corroded,  and  after  a  time  rendered  useless,  if  not  dan- 
gerous. This  fact  alone  ought  to  forbid  the  use  of  these  agents. 
Starchy  matter,  in  the  various  shapes  of  potatoes,  com,  oil-cake, 
Ac,  has  been  much  used.  These  prevent  scale  only  by  enveloping 
the  precipitates  with  gelatinous  matter,  which  lessens  their  weight 
and  prevents  their  agglutination  into  a  solid  mass.  Starch,  as  well 
as  nearly  all  other  organic  matter,  has  a  tendency  to  produce 
frothing  of  the  water  in  the  boiler,  in  which  case  the  exact  quan- 
tity present  cannot  be  determined  by  the  gauge-cocks.  This  is  a 
source  of  great  danger,  and  ought  to  prevent  the  use  of  such 
agents.  Oak,  hemlock,  and  other  barks  and  woods,  are  operative 
in  the  prevention  of  incrustation,  on  account  of  the  tannic  acid 
which  they  contain.  Various  extracts,  such  as  catechu,  logwood, 
Ac,  rich  in  tannin,  are  also  used.  Tannic  acid  decomposes  the 
carbonates,  forming  tannates,  which  are  insoluble ;  but,  their  spe- 
cific gravity  being  light,  they  do  not  subside,  but  remain  con- 
tinually floating  in  the  boiling  currents;  and  moreover,  being 
amorphous,  they  have  no  tendency  whatever  to  agglutination,  and 
therefore  do  not  incrustate  on  those  surfaces  with  which  they  come 
in  contact.  The  sulphate  of  lime,  however,  b  not  decomposed  by 
tannin,  and  will  form  a  scale  notwithstanding  its  presence.  The 
same  objection  holds  against  tannin  in  its  free  state,  as  offered  in 
the  above-named  agents,  as  does  against  free  acetic  acid.  It  will 
attack  the  iron  of  the  boOer;  though,  as  the  tannate  of  iron  is 
insoluble,  the  corrosion  will  not  be  as  rapid  as  with  the  acetic 
acid,  which  forms  a  soluble  acetate  with  iron.  The  fixed  alka^ 
lies  are  much  used  in  the  various  forms  of  lye-ashes,  sal-soda, 
caustic  soda,  potash,  &c.  These  agents  decompose  the  sulphate  of 
lime ;  the  resulting  sulphate  of  soda  or  potash  being  retained  in 
solution,  the  carbonate  of  lime  being  precipitated,  but  in  larger 
crystals  not  so  apt  to  condense  into  hard  scale.  The  carbonates 
of  lime  and  magnesia  held  in  solution  by  free  carbonic  acid  are 
precipitated  by  the  appropriation  of  this  acid,  to  form  carbonates 
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or  bi-oarbonates  of  soda  or  potash ;  but,  as  with  the  sulphate  of 
lime,  the  crystals  being  large  do  not  form  so  refractoiy  a  scale  as 
when  precipitated  by  boiling  alone.  Still,  as  these  earthy  carbon- 
ates form  the  major  part  of  nearly  all  incrustations,  this  method, 
which  fails  to  do  more  than  merely  modify  their  form  and  quali- 
ties, without  affording  means  for  their  avoidance,  deserves  little 
attention.  Ammonia  and  its  carbonate  have  a  precisely  similar 
action,  and  are  similarly  objectionable.  These  alkalies  have  no 
corrosive  action  on  the  boiler ;  but  rather,  on  the  other  hand,  tend 
to  prevent  it,  by  appropriating  the  free  carbonic  acid,  which  ordi- 
narily combines  with  the  insoluble  crust  of  oxide  of  iron  on  the 
inner  surface  (rust  formed  by  contact  with  the  water),  forming  a 
soluble  carbonate,  which,  being  constantly  dissolved  away  from  the 
iron,  leaves  a  surface  always  exposed  to  fresh  action. 

Muriate  of  ammonia  is  another  means  of  prevention.  This  has 
its  action  only  on  the  earthy  carbonates.  The  resulting  carbonate  of 
ammonia,  being  volatile,  passes  off  with  the  steam,  and  the  chlorides 
of  calcium  and  magnesium  are  retained  in  solution.  This  is  a  very 
efficient  way  of  removing  old  scale,  since  the  earthy  carbonates,  as 
before  stated,  constitute  the  greater  portion  of  most  incrustations. 
Its  only  objection  is  the  ammoniacal  odor  in  the  steam.  Petro- 
leum has  been  used  with  some  reported  success.  The  rationale  of 
its  action  is  difficult  to  explain,  owing  to  its  chemical  complexity. 

The  foregoing  are  methods  in  which  a  single  agent  is  depended 
on.  Many  compounds  have  been  devised  with  a  view  of  overcom- 
ing all  the  difficulties,  which  no  one  agent  can  accomplish.  Many 
such  have  been  patented;  and  many  more  are  sold  as  secret, 
proprietary  preparations.  Tannin  is  the  base  of  most  of  them,  gen- 
erally in  combination  with  various  alkaline  salts  and  some  starch- 
bearing  substance.  These  elements,  some  useful  and  some  useless, 
I  have  found  nearly  always  in  a  state  of  mere  mechanical  mixture, 
without  any  definite  chemical  constitution.  The  tannic  acid  is 
uniformly  in  excess, — which  circumstance  is  very  objectionable  on 
account  of  danger  of  corrosion ;  and  there  is  always  an  amount  of 
inert,  insoluble,  vegetable  matter,  which  is  very  liable  to  cause 
foaming.  Besides  these  methods  in  which  chemical  agents  are 
put  directly  into  the  boiler,  others  have  been  devised  in  which  the 
waters  are  depurated  in  tanks  before  entrance  into  the  boiler. 
Clark's  method  consists  of  the  admixture  of  lime  simply.  This 
precipitates  the  earthy  carbonates  by  appropriation  of  the  free  car- 
bonic acid,  which  holds  them  in  solution.  The  newly  formed  car- 
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bonate  of  lime,  being  insolable  without  the  presence  of  free  acid, 
also  falls.  The  supernatant  water  is  drawn  off  for  use.  Sulphate 
of  lime  and  other  salts  ren^ain  untouched.  This  in  turn  might 
be  removed  by  carbonate  of  soda ;  carbonate  of  lime  being  prc- 
dpitated,  and  sulphate  of  soda  being  retained  in  solution.  An- 
other method  proposed  by  myself  conrists,  essentially,  in  the  con- 
vernon  of  the  earthy  carbonates  into  soluble  chlorides  by  hydro- 
chloric acid;  the  excess  being  neutralized  by  filtration  through 
carbonate  of  baryta — witherite  — in  coarse  powder.  The  soluble 
chloride  of  barium  thus  formed  will  decompose  the  sulphate  of 
lime ;  the  resulting  chloride  of  calcium  being  very  soluble,  and  the 
sulphate  of  baryta  insoluble  and  very  heavy.  The  latter  subsides, 
forming  a  deposit  not  easily  disturbed.  By  this  method,  the  car- 
bonates of  lime  and  magnesia  and  the  sulphate  of  lime,  which 
constitute  95  per  cent,  of  the  scale-forming  matter,  are  completely 
changed  into  very  soluble  chlorides,  which  will  not  form  a  scale 
under  any  circumstances.  This  plan  recommends  itself  for  rail- 
way water-stations  by  its  cheapness  and  simplicity.  Tannic  or 
acetic  acid  — the  excess  being  properly  neutralized  by  carbonate  of 
soda  —  maybe  also  used  for  tank-depuration.  With  the  tannin, 
insoluble  tannates  are  precipitated ;  with  the  acetic  acid,  the  car- 
bonates are  converted  into  soluble  acetates.  The  neutralizing 
alkali  will  decompose  the  sulphate  of  lime,  producing  soluble  sul- 
phate of  soda,  and  precipitating  carbonate  of  lime.  The  carbonate 
of  soda  or  potash  alone  may  be  used,  as  it  will  precipitate  all  the 
lime  and  magnesia  as  carbonates.  All  these  tank-methods  require 
supervision,  and  cannot  to  any  great  extent  influence  scale  already 
formed ;  and,  as  the  removal  of  this  is  as  needfid  as  its  prevention, 
it  is  palpable  that,  for  general  application,  that  method  is  best 
which  attains  the  complete  removal,  as  well  as  prevention,  of  scale 
by  chemical  means  operating  inside  the  boiler. 

As  6ilfilling  this  indication  with  ease  and  economy,  and  without 
damage  to  boiler,  foaming,  or  other  untoward  result,  the  writer  has 
devised  the  following  process,  which  three  years  of  extensive  and 
varied  practical  trial  have  thoroughly  tested.  Tannate  of  soda  is 
the  agent  used.  This  is  periodically  introduced  into  the  boiler  or 
heater,  by  any  convenient  means,  in  sufficient  quantity  to  maintain 
a  constant  excess,  determined  by  the  presence  of  its  peculiar  color 
in  the  water  at  the  gauge-cocks.  It  is  soluble,  and  being  con- 
stantly present  in  the  boiler,  as  the  supply-water  pours  in  loaded 
with  the  scale-forming  salts,  the  following  reactions  are  constantly 
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going  on:  Between  the  tannate  of  soda  and  the  carbonates  of 
lime  and  magnesia  a  mutaal  exchange  of  acids  and  bases  occurs ; 
the  lime  and  magnesia  being  precipitated  as  'tannates,  in  a  light, 
flocculent,  amorphous  form,  so  that  they  do  not  subside  at  all, 
but  are  kept  circling  in  the  boiler-currents,  until  they  find  their 
way  into  the  mud-receiver;  there  finally  subsiding  into  a  loose, 
mushy  sediment,  which  may  be  blown  away  very  readily,  from 
time  to  time,  as  it  accumulates.  The  carbonate  of  soda  formed  in 
the  reaction  is  retained  in  solution,  becoming  a  bicarbonate  by 
appropriatbn  of  the  free  carbonic  acid  of  the  water.  This  decom- 
poses the  sulphate  of  lime.  The  resulting  sulphate  of  soda  is 
retained  in  solution,  and  the  carbonate  of  lime  is  acted  upon  at  the 
moment  of  precipitation  by  fresh  portions  of  the  tannate  of  soda. 
The  constant  presence  of  the  alkali  protects  the  iron  of  the  boiler 
from  all  action  whatever,  either  of  tannic  or  carbonic  acid,  since 
both  have  a  greater  afiinity  for  soda  than  for  iron.  The  alkali  will 
keep  both  acids  neutralized  as  far  as  the  metal  of  the  boiler  is  con- 
cerned. The  lime  and  magnesia  however,  having  a  greater  aflin- 
ity  for  the  tannic  acid  than  the  soda  has,  its  acid  action  will  be 
operative  on  these  bases,  producing  the  results  before  detailed. 
The  same  reactions  take  place  between  the  tannate  of  soda  and 
the  already  formed  incrustation.  Its  exposed  surfaces  are  gradually 
disintegrated,  the  resulting  sediment  finding  its  way  to  the  mud- 
receiver.  This  superficial  abrasion  gradually  loosens  portions  of 
the  scale  which  should  be  removed  at  intervals  of  from  one  to  four 
weeks,  according  to  circumstances,  until  the  boiler  is  clear,  after 
which  it  will  only  be  necessary  to  open  the  boiler  at  long  intervals 
for  inspection,  as  the  tannate  of  soda  will  keep  it  clean  if  properly 
used  in  sufScient  quantities.  As  the  earthy  carbonates  and  the 
sulphate  of  lime  constitute  the  great  mass  of  the  mineral  matter 
found  in  most  boiler  waters,  and  as  the  remaining  constituents  are 
soluble,  and  hence  do  not  incrustate  if  the  boiler  is  occasionally 
emptied,  it  will  be  seen  from  the  foregoing  that  in  this  salt,  the 
tannate  of  soda,  we  have  an  agent  which  perfectly  fills  the  demand 
theoretically ;  and,  as  before  stated,  extensive  trial  in  all  kinds  of 
boilers  and  all  kinds  of  waters  has  proven  its  practical  efficacy.  It 
^  j^^applicable  to  marine  boilers  as  well  as  to  those  using  fresh  water ; 
for  th^e  marine  incrustation  is  almost  precisely  similar  to  that  formed 
from  the  waters  of  rivers,  lakes,  &c^  consisting,  as  it  does,  princi- 
pally of^x^arthy  carbonates  and  sulphate  of  lime.  The  chloride  of 
sodium  ofC  sea^water  forms  a  mushy  deposit,  if  supersaturation  is 
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allowed  to  take  place ;  but  it  is  incorporated  in  the  scale  only  to  a 
slight  extent,  and  this  is  generally  prevented  by  more  or  less  con- 
stant change  of  water,  by  blowing  out  both  from  the  surface-valre 
and  from  the  sediment-receiver. 

The  length  which  this  paper  has  already  reached  forbids  my 
noticing  several  other  methods  of  scale-prevention,  which  have 
been  proposed  by  myself  and  others ;  but,  before  leaving  the  subject, 
I  will  mention  a  simple  method  of  determining  the  hardness  of 
waters  and  their  fitness  for  boiler  use.  A  saturated,  filtered  tinc- 
ture of  soap  is  prepared  of  proof  spirit  and  the  soft  soap  of  the 
pharmacopcBia ;  also  a  solution  of  bicarbonate  of  lime,  by  passing 
carbonic  acid  gas  through  lime  till  it  becomes  clear.  An  ounce  of 
this  is  carefrdly  evaporated,  and  the  residue  weighed.  To  another 
ounce  of  this  solution  the  tincture  of  soap  is  added,  one  minim  at 
a  time,  with  shaking  after  each  addition,  until  a  permanent  lather 
is  formed.  The  weight  of  the  above  residue  in  grains  is  to  be 
compared  with  the  number  of  minims  required  to  produce  a  lather. 
This  comparison  will  show  how  many  grains  of  hardness  will  be 
neutralized  by  a  given  number  of  minims  of  the  soap  tincture. 
The  tincture,  thus  roughly  titrated,  is  to  be  added,  one  minim  at 
a  time,  with  constant  shaking,  to  an  ounce  of  any  water,  until  a 
permanent  lather  is  produced.  The  number  of  minims  required 
will  indicate  by  reference  to  the  last  operation  the  number  of 
grains  of  hardness.  Tincture  of  soap  does  not  alter  when  kept 
closely  stopped ;  and  by  this  simple  agent,  with  no  other  apparatus 
than  a  minim  glass  and  a  vial,  the  hardness  of  any  water  may  be 
determined  with  sufficient  accuracy  to  decide  upon  its  fitness  for 
boiler  use. 
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ni.    PHYSICS   OF  THE   GLOBE. 

1.  CONTBIBUTIONS  TO  PhTSIOGRAFHIC  AND  DYNAMICAL  GEOL- 
OGY, INVOLYIXG  THE  DiSCUSSION  OF  TsBBESTBIAL  MAGNET- 
ISM.   By  RicHABD  Owen,  of  Bloomington,  Indiana. 

In  offering  some  new  facts  bearing  on  the  above  subject,  perhaps 
it  is  admissible  previously  to  call  to  mind  a  few  established  facts, 
particularly  astronomical,  which  have  more  or  less  recently  been 
promulgated :  — 

1.  That  sometimes  the  earth's  greatest  proximity  to  the  sun 
occurs  in  our  winter,  sometimes  in  our  summer :  thus  about  4000, 
B.C.,  perihelion  was  on  the  20th  of  September ;  and  in  1864,  ajd^ 
perihelion  was  the  1st  of  January. 

2.  That  the  sun  has  at  present  more  duration  of  power  by  seven 
or  eight  days  in  our  combined  spring  and  summer  than  in  our  com- 
bined autumn  and  winter ;  850,000  years  previously  this  difference 
amounted  to  fifteen  days,  giving  the  northern  hemisphere  relative 
advantage  in  land  forming,  if  the  magnetic  law  hereafter  indicated 
is  admitted. 

3.  General  Sabine  found  the  dip  increase  with  the  proximity  of 
the  earth  to  the  sun,  and  vice  versa  ;  this  proximity  may  coincide 
with  our  winter  or  with  our  summer;  at  present  with  the  former. 

4.  The  periodical  change  in  the  form  of  the  earth's  orbit  from 
an  ellipse  to  a  figure  almost  circular  must  further  modify  the  prox- 
imity chiefly  dependent  upon  the  earth's  place  in  her  orbit. 

5.  We  must  bear  in  mind  that  the  ecliptic,  at  one  period,  formed 
an  angle  with  the  equator  at  least  as  small  as  22^^,  the  fourth  part 
of90^ 

6.  Humboldt's  objection  to  supposing  currents  of  electricity  to 
move  around  the  earth  arose  from  his  finding  that  solar  heat  did 
not  penetrate  to  any  very  considerable  depth  in  the  soil ;  but  he 
hynself  suggests,  since  the  discovery  made  by  Faraday,  that  warm 
oxygen  is  diamagnetic,  that  the  electrical  currents  may  exist  in  the 
air.  It  will  be  shown  afterwards  that  these  probably  move  also 
along  earth  molecules  which  arranged  themselves  parallel  to  the 
ecliptic  during  the  consolidation  of  land. 
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*  7.  Fourteen  years  since  I  demonstrated,  in  "Key  to  the  Geology 
of  the  Globe,"  published  in  Nashville,  Tenn^  that  most  extra-tropi- 
cal continents,  or  extrartropical  parts  of  continents,  exhibited  coast 
lines  and  mountains  having  a  general  trend  of  23^^  east  or  west  of 
the  terrestrial  poles;  while  inter-tropically  the  coast  lines  trend 
23^^  north  or  south  of  the  equator. 

In  enumerating  some  recently  observed  facts  carrying  out  more 
fully  the  above  law,  after  testing  it  by  many  more  coincident  facts 
than  the  time  usually  allotted  would  permit  me  to  set  forth  in 
detail,  I  shall  confine  myself  to  the  most  prominent,  and  arrange 
them  under :  — 

I.  Tebbestbial  Magnetism.   ' 

Perceiving  that  the  coast  Unes  of  continents  coincided  with  the 
terminators  of  some  phase  of  the  ecliptic,  and  other  portions  in 
the  interior  of  the  V'^^^P^^  Innd  were  marked  by  the  secondaries 
of  the  ecliptic,  while  the  central,  straightest,  and  most  elongated, 
were  at  right  angles  to  the  equator,  it  seemed  impossible  to  avoid 
the  conclusion  that  the  sun  had  a  more  or  less  remote  influence  in 
giving  form  to  the  land. 

It  was  soon,  however,  further  observed,  that  the  greatest  heat 
coincided  with  the  solstices  of  certain  phases  of  the  ecliptic ;  that 
all  the  known  localities  of  gems  (generally  supposed  to  result  from 
crystallization  under  electrical  influence)  could  be  traced  along 
two  special  phases  of  the  ecliptic,  and  that  the  secondaries  of  those 
ecliptics  marked  very  important  coast  and  mountain  Hues,  great 
circles  of  heat,  chemical  and  volcanic  action,  &c.  Also,  that  under 
some  of  these  had  been  raised,  within  the  historical  period,  large 
tracts  of  country,  as  along  the  Andes,  in  Sweden  and  Finland;  also 
islands,  as  Reguain,  Santorini,  Graham's  Island,  Ac,  while  other 
portions  not  under  those  lines  were  sinking,  as  Greenland,  north  of 
latitude  69^  north,  which  is  north  of  the  terminator.  All  these 
and  many  other  coincidences  forced  the  conviction  that  the  sun,  at 
least  at  the  solstitial  periods,  must  by  thermal  diflerence  generate 
currents  of  electricity,  probably  in  the  oxygen  of  the  air,  and  in  the 
diamagnetic  earth  molecules. 

This  would  at  once  account,  as  Ampere  showed,  for  the  mag- 
netic needle  arranging  itself  at  right  angles  to  those  currents ;  and 
if  magnetism  can  expand  the  earth's  crust,  then  we  see  why  the 
land  was  elevated  along  the  secondaries.  But  if  it  be  denied  that 
magnetic  impulses  are  sufficient  to  produce  these  phenomena,  then 
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we  have  only  to  consider  magnetism  converted  into  its  other  pha/e, 
chemical  action,  with  the  development  of  gases,  the  fusion  from 
solidity,  or  the  solution  in  hot  water  of  metallic  and  earthy  ingre- 
dients, the  expansion  power  not  only  of  the  gases,  but  of  the  other 
phase  heat,  transmitted  to  the  yet  inert  masses ;  and  we  certainly 
have,  as  far  as  human  eye  can  penetrate  in  this  subterranean  labo- 
ratory, all  the  conditions  fulfilled  for  bringing  about  the  effects  we 
observe  on  the  surface. 

If,  then,  we  admit  magnetic  phenomena  as  modifying  directly  or 
indirectly  the  earth's  structure,  we  are  next  led  to  inquire  what 
peculiar  modifications  are  connected  with  the  magnetic  phases  of 
Intensity,  Dip,  and  Variation.  These  will  be  briefly  alluded  to  in 
the  above  order. 

Intensity. 

A  great  circle,  passing  close  to  the  coast  of  Brazil,  passes  through 
one  of  the  foci  of  intensity  as  laid  down  by  Mrs.  Somerville,  and, 
continued  into  the  opposite  South  Pacific,  passes  also  through,  or 
close  to,  the  focus  of  greatest  intensity  as  laid  down  by  Humboldt 
and  Mrs.  Somerville.  If  we  construct  an  ecliptic  which  shall  have 
its  solstices  immediately  north  and  south  of  this  weaker  South 
Atlantic  focus,  we  have  an  ecliptic  which,  especially  during  our 
winter,  when  perhaps  that  season  coincided  with  perihelion,  exhib- 
its great  intensity  and  electrical  power,  either  residuary  fi*om  a 
former  period,  or  now  existing,  as  indicated  by  the  foci  of  its  sec- 
ondary, or  perhaps  both  combined.  To  prove  this,  let  us  trace  it 
through  Brazil,  where  the  emeralds  and  diamonds  are  found,  next 
near  Cape  Comerin  and  Ceylon,  the  region  of  diamonds  and  sap- 
phires, to  the  ruby  locality  between  Birmah  and  Siam.  The  only 
other  noted  gem  localities  can  be  found  under,  or  near,  an  ecliptic 
of  next  greatest  intensity,  whose  solstices  are  found  due  north  and 
south  of  the  centre  of  land,  centre  of  motion,  and,  evidently,  centre 
of  the  whole  magnetic  system.  It  traverses,  if  we  follow  both  semi- 
annual declinations,  the  diamond  region  of  Brazil,  South  African 
diamond  locality,  and  diamonds  of  India,  and  embraces  between  its 
converging  lines  the  diamond  region  of  Borneo. 

The  secondaries  for  the  solstices  of  maximum  intensity  arise 
respectively  from  nodes  on  the  equator,  just  east  of  Afiica  and 
north-east  of  the  Marquesas.  The  former,  which  are  the  stronger, 
define  the  north-east  coast  of  Africa  along  the  Red  Sea,  through 
Hungary  and  Prussia,  to  Iceland  and  Greenland,  where  its  east 
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coast  intersects  tbe  arctic  circle.  This  is  exactly  90^  from  both 
the  nodes  jast  spoken  o^  for  which  reason,  and  because  it  is  antip- 
odal to  Sir  J.  Ross'  magnetic  south  pole,  but  more  especially 
because  all  the  seventy-four  observations  for  declination  laid  down 
around  the  globe  (as  given  in  Lardner's  ^Natural  Philosophy,"  p. 
208)  converge  in  their  variation  to  this  point,  except  a  few  drawn 
aside  by  the  magnetic  pole  of  dip,  we  must  consider  the  Green- 
land arctic  pole  as  the  pole  of  greatest  intensity.  This  termina- 
tor further  passes  through  the  Hudson  Bay  focus  of  intensity,  while 
its  mate  passes  through  the  Siberian  focus.  Intensity  thus  appears 
due  to  combined  proximity  of  the  sun,  and  greatest  solstitial  power. 

Dip. 

If  we  trace  the  equator  of  dip  according  to  the  best  authorities, 
it  is  found  to  undulate  between  the  two  ecliptics  just  described, 
and  to  intersect  them  where  they  intersect  each  other,  vertically 
in  the  western  hemisphere,  under  Sir  J.  Ross'  north  pole'  of  dip ; 
in  the  eastern  hemisphere,  due  south  of  the  Gulf  of  Obi,  in 
which,  about  latitude  70^  north,  there  seems,  as  was  suggested  by 
Hansteen,  to  be  an  Asiatic  north  pole  of  dip,  and,  I  may  add,  per- 
haps also  an  Asiatic  north  pole  of  intensity  on  the  arctic  circle, 
180**  from  Greenland.  These  have  probably  south  poles.  Indeed, 
the  antipode  of  the  Gulf  of  Obi  is  laid  down  by  Humboldt  as  a 
point  indicated  by  Ross  as  having  magnetic  importance  (see 
^  Cosmos,"  Longman's  edition,  vol.  iv.  p.  97).  Dip,  then,  seems  that 
phase  of  magnetism  connected  with  equilibrium,  between  the  eclip- 
tics of  intensity,  —  perhaps  between  perihelion  in  our  winter  and 
perihelion  in  our  summer. 

VaricUion  or  JDedinatian. 

The  whole  magnetic  system  is  known  to  move  slowly  and  peri* 
odically ;  at  present  that  movement  is  from  west  to  east  in  the 
northern  hemisphere,  while  in  the  southern  the  motion  is  from  east 
to  west. 

If  we  consider  the  African  node,  where  the  centre  of  motion, 
centre  of  dip,  centre  of  land,  and  solstitial  meridian  of  intensity 
Ko.  2,  all  intersect,  as  the  centre  also  of  magnetic  oscillation,  and 
permit  the  secondaries  to  vibrate  to  their  supposed  extremes,  viz., 
16^^  each  side  of  the  terrestrial  north  pole,  we  find  the  westera 
secondary  following  important  coast  lines,  and,  not  only  passing 
through  the  Greenland  pole  of  intensity,  but  through  the  Boothia 
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Felix  pole  of  dip  and  the  south  pole  of  intensity.  Trace  now  the 
eastern  secondary,  and  we  find  it  marking  the  Gulf  of  Obi  pole 
and  its  antipodes,  besides  slightly  deflecting  the  northern  part  of 
the  TJral  Mountains,  which  in  the  rest  of  their  course  conform  to 
an  equinoctial  secondary;  being  directly  over  the  east  African 
node  of  ecliptic  intensity  No.  1.  The  variations  for  Paris,  taken 
from  AJ>.  1580  to  1885,  as  given  by  Lardner,  p.  210,  are  measura- 
bly accounted  for  on  the  supposition  of  this  oscillation  occupying 
perhaps  300  years  or  thereby,  while  the  intensity  vibrates,  or 
changes  from  the  one  secondary  to  the  other,  in  accordance  with 
the  predominance  of  electricity  in  one  ecliptic  or  the  other;  the 
dip,  however,  varing  also  in  connection  with  perihelion  and  aphe- 
lion. 

Sorary  and  Semi-anrmcd  Variations  in  Declination. 

If  strong  additional  evidence  were  required  to  show  that  the 
sun's  electricity  caused  the  position  of  the  needle,  it  is  found  in  the 
two  facts.  1.  That  the  needle  every  day  has  a  slight  variation 
from  soon  after  average  sunrise  to  soon  after  his  reaching  the 
meridian  of  any  given  locality;  the  currents  evidently  approaching 
the  needle  in  a  somewhat  difierent  plane,  as  modified  by  refraction 
or  other  causes,  from  the  plane  assumed  at  noon ;  and  that  there 
should  be  slight  reaction  in  the  afternoon,  when  the  warmer  mole- 
cules are  toest  of  the  colder,  instead  of  being  east  of  them,  seems 
natural.  2.  The  second  is  that  the  needle,  besides,  varies  six 
months  in  one  direction,  and,  changing  at  the  equinoxes,  exhibits 
variation  for  six  months  in  the  other  direction.  That  the  semi- 
annual variations  in  declination  should  be  different  in  the  northern 
and  southern  hemispheres,  and  change  at  the  equinoxes,  is  readily 
understood ;  but  why  St.  Helena,  in  about  latitude  15^  south,  and 
Singapore,  about  2^  north  of  the  equator,  should  partake  half  the 
year  of  the  perturbations  peculiar  to  the  northern  hemisphere,  and 
during  the  other  six  months  of  perturbations  peculiar  to  the  south- 
em  hemisphere,  was  not  comprehended;  it  is  however  at  once 
explained  when  we  observe  that  the  former  place  is  situated  on 
the  Intensity-Ecliptic  No.  1,  the  other  on  Intensity-Ecliptic  No.  2 

Disturbance  Variation. 

As  there  is  a  residuary  power  in  the  paramagnetic  molecules 
(which  in  the  Rocky  Mountains  prevents  the  use  of  the  magnetic 
needle,  and  compels  the  employment  of  Burt's  solar  compass),  and 
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88  the  direction  of  magnetic  impulses  would  be  north-west  in  the 
Rocky  Mountains,  while  in  the  Appalachians,  or  even  at  Toronto, 
it  would  be  north-north-east,  although  both  sets  of  impulses  start 
from  near  Chimborazo,  it  is  easily  seen  why,  as  Point  Barrow  is 
near  one  secondary,  and  Toronto  near  the  diverging  secondary  of 
the  other  solstice,  the  so-called  disturbance  variations,  although 
occurring  simultaneously,  should  yet  have  opposite  phases. 

Agonic  Xdnes.  - 

There  is  no  variation  at  all  points  centrally  between  these  di- 
ver^ng  secondaries,  namely,  along  the  secondaries  of  the  equar- 
tor ;  the  needle,  setting  itself  at  right  angles  to  the  equinoctial 
plane,  points  to  the  terrestrial  north  and  south  pole.  These 
agonic  lines  occur  chiefly  at  the  meridians  of  the  ecliptic  nodes, 
but  are  found  more  or  less  every  45®  east  and  west  of  the  West 
African  node,  which  may  be  termed  the  prime  magnetic  meridian. 

II.  Geology  A2n>  Physical  Geography. 

The  facts,  recently  observed,  bearing  on  this  second  subdivision 
of  the  subject,  are  chiefly  these :  — 

Along  the  ecliptics  prevail  mostly  those  chemical  efiects,  such  as 
the  crystallization  of  carbon  into  diamonds,  &c.,  as  well  as  regions 
of  greatest  heat,  and  the  upheaval  of  the  second  highest  moun- 
tains ;  while  along  the  secondaries  we  find  abundant  evidence  also 
of  heat  at  the  geysers,  linear  hot  springs,  linear  volcanoes,  Gulf  and 
Japan  streams,  Ac,  as  well  as  chemical  action  in  erupted  molten 
rocks,  liquid  mud,  gases,  and  the  like ;  and  also  mark  the  rise  of 
tie  Himalayas. 

The  divergence  of  two  terminators,  south-west  of  South  Amer- 
ica, seems  the  probable  cause  why  the  tidal  wave,  instead  of  en- 
tirely following  the  moon,  here  separates. 

The  heat  of  the  Scandinavian  terminator  may  account  for  the 
melting  of  the  icebergs  and  the  dispersion  of  drift  from  that 
region,  and  the  activity  of  the  geysers  in  Iceland ;  while  a  secon- 
dary of  the  other  ecliptic  has  given  warmth  to  the  region  of  the 
Lena.  Vital  energy  seems  to  have  been  imparted  to  vegetable  and 
animal  life  by  the  magnetic  impulses,  chiefly  of  these  solstitial  sec- 
ondaries, as  near  them  we  find  the  giant  Lequoias,  the  ancient  mon- 
sters of  Nebr^ka,  pf  th^  P^nipa^  Plai»,  of  Siberia,  aqd  the  Urals- 


Digitized  by  VjQOQIC 


214  ▲.    IIATHEUATICS,   PIIYSICS,  AND   CHEiaSTBT. 

The  land  on  the  globe  is  to  the  water  as  66  or  67  to  180  (the  for- 
mer without  the  Antarctic  continent),  and  in  accumulating  in  the 
northern  hemisphere  (probably  because  proximity  agreed  with  our 
winter  intensity  when  paleozoic  land  was  forming  during  the  pre- 
valence of  intensity-ecliptic  Xo.  1),  it  has  extended  itself  chiefly 
from  the  Tropic  of  Cancer  to  the  arctic  region.  Africa  forms  an 
exception,  for  that  continent  has  accumulated  as  land  around  the 
central  intersection  of  the  terrestrial  and  dip  equator  in  such  man- 
ner that  the  Mediterranean  is  nearly  33^  north  of  the  node,  and  the 
Cape  of  Good  Hope  is  a  somewhat  greater  distance  south, — together 
66^  or  66  i^  — while  the  width  of  Africa,  from  Cape  Verde  to  Cape 
Gardafui,  is  also  66^.  The  length  of  North  America  and  of  South 
America,  as  well  as  of  Asia,  from  her  northern  shore  to  Cape  Com- 
erin,  also  measures  66^  ;  indeed,  the  length  and  breadth  of  all  land 
is  found  to  be  some  dividend  of  that  number. 

Sixty-six  and  a  half  degrees  being  the  complement  of  the  eclip- 
tical  angle,  or,  in  other  words,  this  being  the  angle  which  the 
earth's  axis  forms  with  the  plane  of  the  equator,  the  land  would 
naturally  assume  those  dimensions,  as  well  as  the  rhomboidal 
shape,  which  several  continents  have,  with  the  centre  angles  point- 
ing in  a  northerly  and  southerly  direction,  if  the  sun  caused  its 
development.  As  an  interesting  corroboration  of  this  law,  that 
the  sun  gives  form  and  dimensions  to  the  land,  let  us  take  with 
compasses  the  distance  from  Cape  Comerin  (where  the  greater 
intensity  ecliptic  is  found)  to  the  north  coast  of  Asia,  and  moving 
one  foot  of  the  compasses,  thus  extended,  along  the  north  coast, 
either  east  or  west,  the  other  foot  will  be  found  to  correspond  to 
one  or  other  ecliptic.  This  appears  to  indicate  that  the  magnetic 
effect  is  powerful  about  66^*^  north  of  the  electrical  current,  induc- 
ing strong  terrestrial  magnetism  at  that  distance,  although  the  poles 
are  90^  from  the  equator,  measuring  on  the  secondaries. 

The  chief  deposits  of  the  paramagnetic  metals,  especially  when 
nearly  or  quite  pure,  connect  north  and  south ;  while  those  of  some 
diamagnetic  metals,  gold  at  least,  can  be  traced  along  parallels  of 
latitude.  Time  has  not  permitted  a  full  investigation  of  this  prac- 
tically usefiil  branch ;  but  I  may  mention  that  while  the  chief  depos- 
its of  coal  are  found  along,  or  parallel  to,  the  solstitial  secondaries, 
those  of  petroleum  and  bitumen  are  near  those  (and  perhaps  across 
one,  as  in  Pennsylvania),  but  are  connected  by  lines  which  are  sec- 
ondaries to  the  equinoctial  plane,  such  as  the  great  circle  passing 
from  New  York  and  Pennsylvania  through  Virginia  and  North 
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Carolina,  Cuba  and  Jamaica,  New  Granada,  Burmah,  Lake  Baikal, 
&c.  Trinidad,  however,  is  nearly  under  an  ecliptic,  and  the  Baltic, 
where  amber  is  common,  under  one  of  its  secondaries.  The  Cas- 
pian Sea  bitumen  is  under  an  equinoctial  secondary. 

We  must  now,  reserving  further  details  for  future  discussion, 
hasten  to  the 

jSummafy. 

A  vast  number  of  coincidences  are  fully  explained,  if  we  admit 
the  law  that  solar  influence  indirectly  has  caused  the  phenomena  to 
-which  Humboldt,  in  his  immortal  **  Cosmos,"  gave  the  name  "Reac- 
tion of  the  interior  of  the  earth  on  its  exterior."  Add  to  this  the 
fact  that  the  whole  is  strictly  in  accordance  with  the  correlation  of 
forces,  and  throws  much  light  on  the  hitherto  unexplained  phases 
of  terrestrial  magnetism. 

Much,  then,  as  theorizing  is  sometimes  to  be  reprehended,  and 
generalization,  without  sufficient  facts,  to  be  condemned,  probably 
every  scientific  man  will  agree  that  (as  here  no  favorite  theory 
was  started  with,  but  facts  were  collated  until  they  pointed  to  a 
law)  we  are  justified  in  following  up  this  interesting  glimpse  into 
the  arcana  of  Nature,  and  in  admitting  as  a  general  law  that  which 
embraces  the  whole  array  of  coincident  facts,  beautifully  explain- 
ing many  phenomena,  and  pointing  us  to  the  conclusion  which 
every  year,  as  science  advances,  is  more  powerfully  set  forth  to 
our  obsei-ving  and  reflecting  faculties,  that  there  is  uniformity 
and  simplicity  in  the  great  plan  of  creation.  If  the  law  is  ad- 
mitted, it  would  bring  us  to  something  like  the  subjoined  conclu- 
sions :  — 

1.  The  sun  is  the  source  of  the  modifications  on  the  earth,  giving 
the  form  and  dimensions  of  the  land :  operating  through  some  of 
the  phases  or  modes  of  motion,  which  we  embrace  under  the  names 
light,  heat,  electricity,  magnetism,  vital  force,  and  j^robably  ner- 
vous energy. 

2.  By  thermal  agency  ecliptical  and  equatorial  currents  are  gen- 
erated chiefly  from  east  and  west,  from  the  hotter  air  and  earth 
molecules  to  the  cooler,  each  afternoon,  however,  producing  a  slight 
reaction  on  the  same  principle. 

3.  These  currents  generate  magnetism  at  right  angles  to  them- 
selves, namely,  along  the  secondaries  of  the  ecliptic  in  all  its  phases, . 
although  most  strongly  at  those  of  the  solstices,  and  also  along 
the. secondaries  of  the  equator,  which  are  meridians,  especially  at 
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every  45^  apart,  beginning  east  and  west  from  the  prime  magnetic 
meridian. 

4.  The  electricity  of  the  ecliptics  has  produced  heat  and  crystal- 
lization, while  the  magnetism  of  these  secondaries,  either  directly, 
or  by  conversion  into  chemical  force,  has  developed  the  land,  called 
forth  the  metals,  stirred  the  volcanoes  into  activity,  heated  the  gey- 
sers, the  ocean  currents  and  the  hot  springs,  modified  the  climate 
at  different  meridians  on  the  same  parallels,  caused  the  tidal  wave 
to  diverge,  perhaps  melted  the  glacier  ice  that  held  the  drift  boul- 
ders, stimulated  vegetation,  and  gave  energy  to  animal  life. 

A  field  is  thus  opened  for  further  investigation,  which  pert^ns, 
not  to  the  geologist  and  mining  engineer  alone,  however  important 
to  them,  but  also  ofiers  labor  full  of  interest  for  the  astronomer, 
in  defining  accurately  the  modifying  periods  of  greatest  heat,  light, 
electricity,  magnetism,  Ac^  in  connection  with  the  precession  of  the 
equinoxes,  proximity  of  the  sun,  solar  spots,  form  of  the  earth's 
orbit,  Ac;  for  the  physicist,  in  confirming  and  classifying  the 
observations  connected  with  terrestrial  magnetism ;  for  the  physical 
geographer,  in  tracing  his  orology,  courses  of  rivers,  wind's  cur- 
rents, electrical  'and  seismographic  phenomena,  also  the  distribu- 
tion of  plants  and  animals,  as  well  as  the  distribution  of  heat  and 
rain,  pursuing  these  researches  with  hereby  increased  light  and 
vigor;  while  to  the  naturalist,  the  anthropologist  and  historian,  or 
student  of  the  philosophy  of  history,  there  is  furnished  ample  food 
for  reflection. 

Finally,  above  all,  these  sublime  developments  should  stimulate 
us  with  fresh  desire  to  understand  more  fully  the  beautiM  and 
immutable  laws  by  which  the  Divine  Ruler  holds  the  universe  in 
harmonious  action ;  and  should  cause  us  to  increase  our  endeavors 
ever  to  live  in  accordance  with  those  divine  laws. 


2.  AccoTTNT  OF  A  Dust-Storm  OP  Decembbb  24th,  1870,  nf 
Clinton  County,  Indiana.  By  Joseph  Tinqley,  of  Green- 
castle,  Indiana. 

On  the  morning  of  December  25th,  1870,  the  attention  of  the 
citizens  of  Clinton  County,  in  the  State  of  Indiana,  was  attracted 
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by  the  unusual  appearance  of  a  thin  layer  of  dark-colored  sub- 
stance lying  upon  the  surface  of  the  snow,  with  which,  at  that 
time,  the  greater  portion  of  the  State  was  enveloped. 

During  the  night  of  the  24th,  there  had  fallen  a  light,  feathery 
snow,  which,  by  its  collection  upon  the  western  side  of  buildings 
and  fences,  showed  that  the  wind  at  the  time  was  westerly.  The 
dark-colored  substance  was  evidently  a  travelling  companion  with 
the  snow,  since  it  was  observed  to  be  commingled  therewith 
throughout ;  and,  in  places  where  the  accumulations  of  snow-drift 
were  greatest,  the  foreign  substance  was  most  abundant. 

The  district  covered  by  the  commingled  snow  and  ashes  (for 
such  it  proved  to  be)  embraced  at  least  all  that  portion  of  the  State 
lying  within  a  circle  of  twenty  miles  radius,  of  which  the  town  of 
Frankfort  is  the  centre. 

There  is  reason  to  believe  that  its  extent  was  really  much  greater, 
as  traces  of  it  were  observed  in  Putnam  County,  at  a  point  distant 
from  Frankfort  about  fifty  miles. 

The  quantity  of  the  substance  was  very  great.  I  have  in  my 
possession  the  product  gathered  from  an  area  of  three  yardb  square. 
It  weighs  twenty-six  grains. 

If  distributed,  in  the  same  abundance,  over  the  whole  surface  of 
the  district  described,  the  whole  quantity  which  fell  must  have 
amounted  to  600  tons. 

The  material  presents  the  following  character :  A  vial,  in  which 
the  melted  snow  and  its  dark-colored  companion  were  allowed  to 
remain  in  contact  for  a  month,  gave  a  strong  odor  of  sulphide  of 
hydrogen.  A  chemical  examination  proves  that  more  than  one- 
half  of  the  material  is  organic. 

But  the  microscope  gives  more  satisfactory  evidence  of  its  true 
nature. 

A  portion  was  submitted  to  a  microscopist  connected  with  the 
Smithsonian  Institution,  who  found  it  to  contain  ^fragments  of 
vegetable  tissue,  embracing  the  epithelium  and  parenchyma  of 
leaves,  vegetable  hairs,  dotted  and  spiral  ducts,  woody  cells,  and  a 
few  elongated  cells  with  the  characteristic  circular  markings  of  the 
conifera.  There  were,  besides,  a  great  number  of  angular  par- 
ticles, sucb  as  are  found  in  the  air  of  ordinary  dust-storms." 

The  most  unusual  feature,  however,  was  the  comparatively  large 
number  of  diatoms,  —  varieties  of  navicula,  diatoma  epithemia, 
stauroneis,  &c. 

For  specimens  df  the  substance,  and  information  concerning  the 
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extent  of  the  phenomena,  I  am  indebted  to  Messrs.  J.  B.  Pence  and 
S.  A.  Hopple,  of  Frankfort,  the  only  persons,  so  far  as  I  have  ascer- 
tained, who  had  the  forethought  to  make  and  preserve  collections 
of  the  material,  or  to  make  immediate  inquiry  as  to  the  circum- 
stances of  its  fall  in  other  parts  of  the  county. 

A  careful  microscopical  examination,  made  by  Mr.  Edwin  Bick- 
nell,  reveals  the  presence  of  the  following  substances:  —  Coniferous 
wood,  leaves  of  mosses,  vegetable  hairs,  scales  of  butterflies,  spic- 
ula  of  fresh-water  sponges,  and  seven  genera  of  fresh-water  diar 
tomaceffi.  He  decides  that  this  ^dust-shower"  ^< evidently  came 
from  the  bed  of  a  bog  or  boggy  brook,  as  all  of  the  above  will  be 
found  in  such  localities." 

Hitherto  such  showers  have  been  observed  only  in  Southern 
Europe,  Northern  Africa,  and  Western  and  Middle  Ama,  and  the 
origin  of  the  dust  has  remained  a  mystery.  In  the  present  instance 
we  are  in  the  dark  as  to  the  precise  locality  from  whence  the  mate- 
rial  came,  although  the  microscope  indicates  to  us,  certaitdy^  the 
nature  of  the  source,  and  gives  us  a  clue  to  the  solution  of  whatever 
mystery  may  remain  with  reference  to  thU  shower,  at  least. 


8.  The  Eabthqxjake  op  Octobbe,  1870.     Its  Ratb  op  Peog- 
BBSS.    By  Chables  Whittlbset,  of  Cleveland,  Ohio. 

This  earthquake  occurred  in  the  forenoon  of  October  20, 1870. 
It  was  distinctly  felt  from  near  the  mouth  of  the  St.  Lawrence  to 
Cincinnati,  along  a  line  or  axis  of  about  (1000)  one  thousand  miles. 
The  breadth  of  country  along  this  line,  in  which  the  agitation  was 
perceptible,  is  at  its  greatest  width  about  800  miles.  Its  greatest 
severity  was  on  the  St.  Lawrence  below  Montreal,  and  its  progress 
was  in  a  south-westerly  direction  up  the  valley  of  this  river  and  of 
the  Lower  Lakes.  At  Quebec,  chimneys  were  thrown  down,  and  a 
church  at  Elamarouskoi  was  so  much  damaged  that  one  wall  and 
the  steeple  required  to  be  rebuilt.  At  Montreal  it  was  severe,  and 
even  at  St.  Catherine,  near  the  west  end  of  Lake  Ontario,  but 
decreasing  in  violence  towards  the  west.  At  Albany  and  at  Cleve* 
land  the  extent  of  the  vibrations  were  about  the  same,  and  also 
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the  duration  of  the  movement,  which  was  abont  a  minnte.  At  all 
other  places  its  duration  is  reported  at  less  than  one  minnte.  It 
was  scarcely  felt  on  the  meridian  of  Lake  Michigan.  At  Albany, 
according  to  Professor  Hongh,  a  mmbling  noise  was  heard,  bat  at 
Qeyeland  there  was  none.  I  wish  to  call  the  attention  of  the 
section  to  the  anomalous  rapidity  of  its  progress  westward.  The 
time  of  its  occurrence  was  given  by  telegraph  for  thirtt/'One 
places^  but  the  discr^ancies  are  so  great  that  I  use  only  four. 
These  are  Bangor  in  Maine,  Boston,  Albany,  and  Cleveland,  Ohio* 
The  errors  in  time  at  any  of  these  places  must  be  less  than  half  a 
mintOe.  At  Albany,  Professor  Hough,  of  the  Dudley  Observatory* 
was  able  to  fix  it  precisely  at  fifteen  mintUes  pcut  eleveny  a.u^ 
mean  time.  According  to  telegraph  reports,  it  occurred  at  the 
same  moment  at  Montreal,  which  is  nearly  in  the  same  longitude. 
At  Cleveland,  by  my  watch  and  by  two  clocks,  which  were  stopped 
by  the  movement,  I  am  able  to  fix  the  time  within  thirty  seconds, 
with  a  probable  plus  or  minus  error  of  fifteen  seconds.  It  oc- 
curred there  at  aixUen  and  one-half  minutes  before  eleven.  The 
table  presented  herewith  gives,  from  the  best  authorities  at  my 
command,  the  local  time  of  its  occurrence  at  the  four  places  se- 
lected, as  being  those  best  determined. 


PLAOB. 

SutofOtor*. 
laDdlaTlnM. 

HuMofOoeiu^ 

FmC6     VMQOM 

to   tha  Cl«?»- 

laodMeridkn. 

Dedmali  omit- 

tod. 

Local  Main 
Time. 

LongltadoWart 
oraiMnwlBh. 

Bangor,  Me.  .    .    . 
BmUm,  MsM.     .    . 
AllMUiy^K.T..    .    . 
CI«Telaiid,0..    .    . 

h.  m.   f. 
0.51.41.16 

0.42.85.16 

0.81.51.10 

k.  m.  J. 
10.48.19 

10.48.25 

10.48.09 

10.48.80 

k.  m. 
11.85  A.U. 

11.26    „ 

11.15    „ 

10.484  „ 

h.  m.  J. 
4.86.08 

4.44.18 

4.64.5&6 

5.26.49.16 

The  difference  is  confined  to  the  column  of  seconds,  where  it  is 
only  twenty-one  seconds^  or  is  less  than  possible  errors  of  obsei^ 
vation.  Between  Cleveland  and  Bangor,  the  right-line  distance  is 
(650)  six  hundred  and  fifty  miles;  and  the  difierence  in  time  of 
occurrence  is  eleven  seconds,  and  from  Boston  only  five  seconds. 
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From  Albany  to  Cleveland  is  (355)  three  hundred  and  fiftj- 
five  miles,  and  the  difference  in  local  time  twenty-one  seconds; 
giving  a  velocity  of  about  twenty-one  miles  in  a  second.  Ob- 
servations on  earthquakes  seldom  disclose  a  progress  exceeding 
thirty  miles  in  sixty  seconds.  That  dreadful  one,  which  engulfed 
a  large  part  of  the  city  of  Lisbon,  in  Portugal,  in  the  year 
1765,  spread  at  the  rate  of  only  twenty  miles  a  minute  .from 
the  centre  of  its  greatest  activity.  If  we  assume  that  there  is  an 
error  of  half  a  minute  between  Cleveland  and  Albany,  and  place 
it  on  the  side  of  an  increase  in  the  time  of  passage,  the  velocity 
of  progress  is  nearly  ten  miles  a  second.  If  we  make  the  same 
allowance  in  the  same  direction  for  Bangor,  the  rate  is  almost 
sixteen  miles  a  second,  or  (960)  nine  hundred  and  sixty  miles  in  a 
minute. 

In  the  year  1812,  there  was  a  case  of  underground  rumblings  in 
South  America,  without  a  visible  shock,  which  was  noticed,  appar- 
ently at  the  same  moment,  at  places  (700)  seven  hundred  miles 
apart.  In  this  case,  the  gentle  character  of  the  shock  at  Albany 
and  at  Cleveland  precludes  the  idea  of  a  wave  translated  at  a 
rapid  rate.  Mr  Hough  describes  the  movement  as  a  moderate 
swaying  of  the  observatory  from  east  to  west. 

I  was  standing  near  the  centre  of  the  room  of  the  Historical 
Society,  which  covers  the  third  floor  of  an  isolated  fire-proof  build- 
ing, built  in  the  most  substantial  manner.  It  stands  with  its  long- 
est side  towards  the  north-east.  The  motion  of  the  upper  part  of 
this  building  was  that  of  a  slow-moving  pendulum,  with  no  per- 
ceptible jar.  A  young  man  sitting  by  the  wall  complained  of  sea- 
sickness. The  chandelier  and  pictures,  frames,  and  cases,  swayed 
back  and  forth,  two  or  three  inches,  without  rattling,  and  returned 
gradually  to  a  state  of  rest  by  the  end  of  a  minute  after  the  motion 
was  noticed.  Allowing  the  longest  period  which  the  observations 
will  permit,  between  Albany  and  Cleveland,  an  earth-wave,  moving 
at  the  rate  of  nearly  a  thousand  miles  a  minute,  must  produce  every- 
where a  distinctive  shock.  The  force  may  have  been  seated  at 
a  great  depth,  and  have  acted  outward  simultaneously^  or  nearly 
so,  throughout  the  field  of  activity ;  or  it  may  have  acted,  not  as 
a  wave,  but  by  lateral  compression,  without  undulation.  Not  long 
after  the  earthquake  there  was  an  explosion  of  several  thousand 
pounds  of  nitro-glycerine  on  the  lake  shore,  at  the  mouth  of  Grand 
River,  thirty  miles  east  of  Cleveland.  It  produced  many  of  the 
effects  of  an  earthquake  at  the  towns  situated  upon  Lake  Erie,  aa 
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&r  as  Baffalo.  On  the  spot,  a  crater  was  formed  in  the  earth  and 
hard  pan,  said  to  be  fifty  feet  deep.  It  probably  did  not  reach  the 
Devonian  shales  beneath.  A  vessel,  three  miles  from  shore,  expe- 
rienced precisely  the  same  jar  or  shock  from  beneath,  like  that  of 
striking  a  rock,  which  persons  at  sea  have  frequently  reported  in 
severe  earthquakes.  The  rattling  of  doors  and  of  crockery  in  many 
of  the  lake  towns,  at  the  time  of  the  nitro-glycerine  explosion,  may 
be  due  entirely  to  atmospheric  agitation,  but  the  peculiar  shock 
which  the  vessel  experienced  must  have  proceeded  from  a  force 
acting  from  below. 

This  might  have  resulted  from  lateral  compression  disturbing 
the  bottom  of  the  lake.  Such  action  would  be  transmitted  much 
more  rapidly  than  a  surface  undulation  or  earth-wave.  I  am  not 
able  to  trace  the  rate  of  transmission  of  the  effects  of  the  Fairport 
explosion,  but,  at  places  150  miles  distant,  the  telegraph  reports 
show  no  perceptible  difference  in  the  time  of  its  arrival. 
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B.  NATURAL  HISTORT. 

I.  GBOLOGT  AND  PALEONTOLOGY. 

1.  On  the  Oeolooical  Histobt  of  thb  Oitlf  of  Mexico.    By 
E,  W.  HiLGABD,  of  Oxford,  Mississippi. 

The  colored  outline  map  before  you,  without  much  pretension 
to  accuracy  of  detail,  shows  the  general  geological  features  of  the 
great  embayment,  once  a  portion  of  the  Gulf  of  Mexico,  whose 
axis  is  now  marked  by  the  course  of  the  Mississippi  river,  from 
southern  Illinois  to  its  mouth.  I  have  compiled  this  map  from  the 
best  data  now  extant,  accessible  to  me,  with  a  view  to  the  better 
elucidation  of  the  succession  and  character  of  geological  events ; 
and  especially  with  a  hope  of  bringing  to  bear  upon  the  later  for- 
mations of  the  interior  of  the  continent  the  chronological  record 
here  left  by  the  retiring  waters  of  the  sea.  Marine  deposits  being 
better  understood  and  more  available  for  general  comparison  and 
conclusions  than  those  of  inland  lakes,  the  series  here  shown  would 
seem,  by  its  original  connection  with  the  interior  basins,  to  prom- 
ise a  key  to  the  determination  of  equivalence  in  time,  that,  in  view 
of  the  violent  disturbances  in  the  Rocky  Mountain  region,  it  might 
be  difficult  to  find  in  that  portion  of  the  continent. 

The  subject-matter  of  the  present  communication  is,  for  the 
greater  part,  embraced  in  publications  made  by  myself  during  the 
past  ten  years ;  and  to  these  publications  I  must  refer  for  the  cor- 
roborative detail,  which  in  this  general  summary  would  be  out  of 
place. 

Cretaceous  JPeriod. 

The  most  ancient  shore-line  of  the  Mississippi  embayment  is 
formed  mainly  by  the  various  stages  of  the  Carboniferous  rocks. 
It  is  only  in  eastern  Alabama  and  the  adjoining  portion  of  Georgia, 
that  the  Silurian  and  metamorphic  rocks  formed  the  shore  of  the 
Cretaceous  seas.  The  deposits  of  the  latter  period  have  been 
traced  by  Safibrd  up  to  the  Kentucky  line,  along  the  western  foot 
of  the  palaBozoic  ridge  which  compels  the  Tennessee  river  to  make 


Digitized  by  VjOOQIC 


I 


1 


^ 


1 


Digitized  by  VjOOQIC 


r^^^^^t ; 


2S 


1, 


t< 

e 

a: 
s< 
b 
e 
& 
n 
h 
b 
o 

B 

it 
o 
Ij 

i 
I 

T 
I 


Digitized  by  VjOOQIC 


OEOLOGT  Ain>  PALJEONTOLOGT.  223 

its  long  dltoor  northward ;  and  the  Cretaoeous  outcrop  doubtless 
extends,  in  a  north-westerly  direction,  some  distance  into  Ken- 
tucky. 

In  the  portion  of  this  belt  embraced  within  the  States  of  Missis- 
sippi and  Alabama,  the  dip  is  sensibly  at  right  angles  to  the  trend 
(t.e.,  between  W.  and  S.)  at  the  rate  of  twenty  to  twenty-five  feet 
per  mile.  In  its  southerly  portion  especially,  the  Cretaceous  beds 
ai*e  very  distinctly  divided  into  three  principal  stages,  viz. :  — 

1.  A  lower  one,  300  to  400  feet  thick,  —  Coffee  grtmp  of  Saflbrd 
(Eutaw  group  mih%)^ — consisting  of  non-calcareous  sands,  and  blue 
or  reddish  laminated  days,  with  occasional  beds  of  lignite,  and  but 
very  rarely  (Finch's  Ferry  in  Alabama)  marine  fossils,  silicified ; 
corresponds  doubtless  to  Hayden's  Dakota  group,  including,  per- 
haps, in  its  upper  part  the  equivalents  of  the  Fort  Benton  group, 
to  whose  fossils  those  of  Finch's  Ferry,  collected  by  Tuomey,  bear 
a  close  analogy. 

2.  The  middle  or  Rotten  limestone  group,  not  less  than  1,200 
feet  in  maximum  thickness.  Soft,  mostly  somewhat  clayey,  whit- 
ish, micro-crystalline  limestones  and  calcareous  clays;  very  uniform 
on  the  whole,  if  we  except  the  locally  important,  but  not  generally 
extant,  feature  of  the  ^  Tombigby  Sand,"  the  special  home  of  Ino- 
cerami.  Selachians,  and  gigantic  Ammonites. 

3.  Ripley  group :  crystalline,  sandy  limestones,  alternating  with 
dark-colored  glauconitic  marls  containing  finely  preserved  fossils. 
Thickness,  300  to  350  feet.  Equivalent  of  the  highest  bed  of  the 
Cretaceous  of  New  Jersey,  and  doubtless  of  Hayden's  Fox  HiUs 
beds. 

How  &r  the  Rotten  limestone,  as  a  whole,  may  be  considered  as 
embracing  the  whole  of  the  series  intervening  between  Hayden's 
Fox  Hills  beds  and  Dakota  group,  remains  to  be  shown.  The 
fauna  of  the  Tombigby  sand  sub-group  is  distinguished,  as  already 
stated,  by  the  great  number  both  of  individuals  and  species  of 
Inocerami,  and  of  remains  of  (chiefly  Selachian)  fishes,  wherein  it 
corresponds  to  Hayden's  Niobrara  division ;  its  fossils  have  been 
partly  named  and  described  (soifiewhat  imperfectly)  by  Tuomey.* 
According  to  Hayden's  view  of  the  New  Jersey  equivalents,  the 
Rotten  limestone  would  be  represented  by  his  Fort  Pierre  group. 

The  distinctive  features  of  these  several  groups  become  less 
marked  the  farther  we  advance  northward,  even  in  Mississippi. 

•  Proceed.  Phflad.  Acid. 


Digitized  by  VjOOQIC 


224  B.      NATURAL   HISTORY. 

Non-fossiliferous  or  lignitic  clays  and  sands  mingle  with  the  ma- 
rine strata;  and  hecome  altogether  predominant,  it  would  seem, 
near  the  northern  termination  of  the  outcrop.* 

West  of  the  Mississippi,  the  continuous  Cretaceous  outcrop  does 
not  extend  as  far  northward  as  on  the  east  side,  by  some  150  miles. 
Nor  have  the  more  ancient  lignitiferous  beds  (Coffee  group)  been 
observed  there,  with  certainty,  within  the  limits  of  this  map.  The 
Cretaceous  area  of  Arkansas,  according  to  Owen's  description,  falls 
almost  altogether  within  the  limits  of  the  Rotten  limestone  group ; 
and  the  same  seems  to  be  true  of  the  greater  part  of  the  Cretan 
ceous  area  of  northern  and  middle  Texas.  Nevertheless,  the  series 
of  isolated  Cretaceous  outliers,  which  traverses  Louisiana  from  the 
head  of  Lake  Bisteneau  in  a  S.S.E.  direction,  terminating  probably 
in  the  great  rock-salt  mass  of  Petite  Anse,t  exhibits  the  main 
characteristics  of  the  Ripley  group;  while  deep  borings  have 
demonstrated  the  presence,  for  a  thousand  feet  beneath,  of  the 
uniform  Rotten  limestone,  such  as  it  exists  on  the  prairies  of  Mis- 
sissippi and  Alabama.  I  have  elsewhere^  stated  the  stratigraphi- 
cal  as  well  as  lithological  reasons  which  induce  me  to  consider 
both  the  rock-salt  of  Petite  Anse,  and  the  sulphur  and  gypsum 
deposits  of  Calcasieu,  as  lying  within  the  limits  of  the  Cretaceous 
formations. 

The  data  given  by  D.  D.  Owen  seem  to  assign  to  the  Cretaceous 
strata  of  Arkansas  a  dip  S.  or  slightly  W.  of  S.  The  outliers  in 
Louisiana  are  too  limited  in  extent  for  determinations  of  dip ;  but 
it  can  scarcely  be  doubted  that  they  represent  the  summits  of  a 
more  or  less  interrupted  ancient  ridge,  a  kind  of  ^  backbone  "  to 
the  State  of  Louisiana,  whose  resistance  to  denudation  has  meas- 
urably influenced  the  nature  and  conformation  of  subsequent  de- 
posits. It  is  fair  to  presume  that  from  this  ridge  the  strata  dip 
toward  the  axis  of  the  Mississippi  Valley,  to  meet  those  on  the 
opposite  side ;  and  the  depth  at  which  these  beds  are  found  in  the 
Calcasieu  bores  seems  to  indicate,  on  the  western  slope,  a  south- 
southwesterly  dip  of  three  to  four  feet  per  mile.  A  glance  at  the 
map  shows,  nevertheless,  that  the  general  form  of  the  northern 
Gulf  shore  was  not  materially  influenced  by  the  existence  of  this 


•  Fide  Safford. 

t  Indicated  on  the  map  by  the  localities  of  Petite  Anse,  Chicot,  Winfield,  and 
BiBteneau. 
I  Amer.  Jonrn.  Sd.,  November,  1869,  p.  845. 
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axis  of  elevation,  which  probably  was  marked  merely  by  a  series 
of  disconnected  islands  in  the  early  Tertiary  sea  that,  after  the 
emergence  of  the  immense  Cretaceous  area,  sJready  prefigured  the 
present  Gulf  of  Mexico. 

It  would  be  bootless  to  speculate,  at  this  early  moment,  on  the 
precise  origin  of  the  great  rock-salt,  gypsum,  and  sulphur  deposits. 
That  the  prominent  event  of  the  epoch  —  the  emergence  of  an 
extensive  sea-bottom — afforded  abundant  opportunity  for  the  ac- 
cumulation of  the  two  former  substances,  is  obvious  enough;  it 
would  seem  to  presuppose,  however,  a  temporary  or  partial  isolation 
at  least  from  the  general  ocean,  analogous  to  that  which,  appar- 
ently, occurred  in  later  times.  But  as  regards  the  sulphur,  its  ordi- 
nary co-occurrence  with  gypsum  would  hardly  seem  to  afford  a 
sufficient  precedent  for  the  present  case;  unless  we  assume  the 
concurrent  influence  of  volcanic  or  other  "  abysso-dynamic  "  agen- 
cies. 

Tertiary  Period. 

It  will  be  perceived  that,  during  the  Tertiary  period,  the  north- 
em  Gulf  shore  receded  from  its  extreme  northern  limits  in  southern 
Illinois  and  Missouri,  to  a  shore-line  which,  though  running  near 
the  latitude  of  Bdton  Rouge,  is  not  far  from  parallel  to  the  present 
one,  if  we  ignore  the  extreme  projection  of  the  Mississippi  delta« 
This  rapid  filling-in  of  the  embayment,  no  less  than  the  character 
of  the  deposits,  prove  that  tbe  depth  of  water  was  not  great;  espe- 
cially in  the  remoter  portions,  where  lignitic  and  lignito-gypseous 
deposits  very  sparingly  interspersed  with  small  marine  beds  (the 
remnants  of  estuaries)  form  the  predominant  material.  Similar  al- 
ternations of  materials  occur,  in  fact,  throughout  the  older  Tertiary 
deposits  of  the  south-west ;  and  hence,  the  divisions  marked  off  by 
difference  of  color  on  the  map,  as  "  lignitic  '*  and  "  marine  "  Terti- 
ary, respectively,  must  be  taken  very  much  cum  grano  scUis.  Ex- 
cept only  in  southern  Arkansas,  few  marine  beds  of  any  notable 
extent  occur  outside  (t.6.,  north  of)  the  limit  of  the  area  indicated 
as  marine.  But  in  northern  Louisiana,  where  the  dip  is  very  slight, 
lignitiferous  strata  are  altogether  predominant  on  the  surface ;  al- 
though the  marine  seem  to  underlie  everywhere  at  no  great  depth, 
and  in  numerous  localities  crop  out  on  the  surface;  forming,  ac- 
cording to  Hopkins,  distinct  beaches  around  some  of  the  Creta- 
ceous outliers  mentioned  above. 

So  far,  indeed,  from  considering  the  predominantly  lignitiferous 

A.  A.  A.  B.  YOL.  ZX.  *  29 
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area  as  representing  a  period  distinct  from  the  older  marine  Terti- 
ary, I  have  little  doubt  that  the  larger  portion,  if  not  all,  of  the 
beds  I  have  heretofore  designated  as  the  Northern  Lignitic  (and 
Flatwoods  clay)  groap  (Lagrange  and  Porter's  Creek  groups  of 
Safford)  are  the  strict  equivalents  in  time  of  the  oldest  marine  beds 
observed  in  South  Carolina  and  Alabama,  and  designated  by  Tuo- 
mey  as  the  Buhrstone  group  (^  Siliceous  Claiborne  "  of  my  Missia- 
aippi  Beport).  The  lithological  continuity  of  the  bed-rocks  of  this 
group  along  the  eastern  border  of  the  Tertiary,  supported  to  some 
extent  by  palsBontological  evidence,  strongly  inclined  me  to  this 
opinion  ten  years  ago ;  *  and  it  has  received  a  strong  confirmation 
from  the  latest  observations  of  Dr.  £.  A.  Smith,  of  the  Mississippi 
G^logical  Survey,  who  has  found  the  same  rocks,  substantially,  con« 
tinuous  along  the  southern  border  of  the  lignitic  area,  nearly  to  the 
Mississippi  bluff.  At  the  same  time,  Safford  mentions  the  occurrence 
of  similar  beds  on  the  border  of  the  Cretaceous,  in  Tennessee.  The 
inference  is  inevitable  that  no  beds  outcropping  in  the  fork  of  these 
two  marine  branches  can  be  anterior  in  time ;  the  interconnection, 
in  fact,  is  such  as  to  render  the  supposition  that  there  can  be  any 
material  difference  of  age  almost  stratigraphically  impossible.  The 
exclusively  lignitic  character  of  the  centrd  portion  must,  therefore, 
be  ascribed  rather  to  the  inaccessibility  of  that  region  to  the  waters 
of  the  sea  during  their  deposition ;  perhaps  in  consequence  of  a 
change  of  level,  by  which  the  upper  portion  of  the  embayment, 
fr^m  about  the  mouth  of  the  Arkansas  to  Cairo,  was  converted, 
for  the  time  being,  into  a  littoral  marsh. 

In  Arkansas,  nevertheless,  small  marine  beds  are  more  liberally 
interspersed  among  the  lignitic  clays  than  is  the  case  east  of  the 
Mississippi ;  and  some  of  those  mentioned  by  Owen  as  occurring 
on  the  territory  here  laid  down  as  chiefly  lignitic  are  obviously 
more  closely  related  to  the  celebrated  Claiborne  shell-bed  than  to 
the  Buhrstone  group.  The  latter  group  does  not,  in  fact,  appear 
characteristically  developed  anywhere  west  of  the  river,  so  far  as 
I  know ;  and  the  occurrence  of  somewhat  extensive  marine  Ter- 
tiary outliers  on  the  Cretaceous  territory  of  Arkansas,  as  well  as  of 
lignitic  beds  on  that  of  Texas  (e.g^  the  Cross  Timbers,  as  approx- 
imately laid  down  on  the  map),  proves  that,  although  the  deeper 
water  of  the  embayment  followed  substantially  the  lines  of  trend 
shown  on  the  map,  yet  there  still  existed  at  that  time  a  connection, 

•  Mi88.  Bep.,  1860,  §§  162  and  ff.  188,  &c. 
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in  a  north-westerly  direction,  of  the  Gulf  waters  with  those  of  the 
great  interior  basin  of  the  West. 

That  this  connection  should  not  be  uninterruptedly  traceable  at 
the  present  time  is  not  surprising,  when  we  consider  the  shallow- 
ness of  the  connecting  trough,  as  demonstrated  by  the  inconsider- 
able thickness  of  the  deposits,  that  of  course  greatly  favored  their 
removal  by  the  subsequent  events  of  the  Quaternary  period.  Nev- 
ertheless, enough  seems  to  remain  of  these  deposits  to  form  a  chain 
by  which,  with  the  aid  of  paleobotany,  the  equivalents  in  time  of 
the  Buhrstone  and  Claiborne  marine  groups,  at  least,  can  be  deter- 
mined among  the  fte&h  or  brackish  water  beds  of  the  interior. 
And  with  these  as  fixed  horizons  to  start  from,  aided  also  by  the 
flora  of  the  subordinate  lignite  beds  of  the  later  (Jackson  and 
Yicksburg)  stages,  we  may  hope  to  establish  a  comparative  chron- 
ological scale  through  which  the  parallelisms  with  more  distant 
regions,  and  later  times,  may  be  established,  even  for  the  much- 
discussed  Tertiary  beds  of  the  Great  West. 

My  present  purpose  scarcely  requires  that  I  should  more  than 
allude  to  the  detail  of  the  later  stages  of  the  older  Tertiary,  which 
I  have  not  distinguished  on  the  general  map,  in  order  not  to  ob- 
scure too  much  the  general  features.  But  a  detailed  map  shows 
both  the  successive  decrease  in  the  width  of  their  outcrops,  and 
the  regularly  diminishing  convexity  of  the  Gulf-outline.  I  may 
also  add,  that,  as  we  recede  from  the  vertex  of  the  embayment,  and 
eastward  from  its  axis,  there  is  a  regular  increase  of  deep-sea  feat- 
ures, the  lignitic  facies  becoming  more  and  more  subordinate ;  yet, 
by  its  persistent  recurrence  seeming  to  intimate  the  occurrence,  if 
not  of  oscillations,  at  least  of  local  variations  of  depth ;  dependent, 
perhaps,  upon  corresponding  changes  in  river*  mouths.  In  Ala- 
bama, the  lignitic  feature  is  almost  suppressed,  the  marine  stages 
overlying  each  other  directly,  as  a  rule ;  while  west  of  the  MLssia- 
sippi,  it  becomes  more  and  more  pronounced  as  we  advance  west- 
ward, so  that  all  but  the  latest  portion  of  the  Jackson,  and  most  of 
the  (much  diminished)  Yicksburg  sea,  here  represented,  appears  to 
have  been  an  intricate  maze  of  everglades  and  shallow  estuaries. 
That  this  state  of  things  is  intimately  connected  with  the  existence 
of  the  Cretaceous  ^backbone"  of  Louisiana  on  one  hand,  and  the 
decided  southward  dip  of  the  same  formation  in  Alabama  on  the 
other,  can  scarcely  be  doubted.  At  the  same  time,  let  it  be  remem- 
bered, that  both  east  and  west  of  the  Mississippi,  from  the  Chatta> 
hoochee  to  the  Sabine,  the  older  Tertiary  period  closes  with  a 
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decided  prevalence,  in  the  Yicksburg  limestones,  of  the  deep-sea 
character ;  and  thus  &r  the  geological  history  of  the  gulf  does  not 
exhibit  any  phenomena  whose  parallel  may  not,  mutatis  mutandis^ 
be  found  on  the  coast  of  the  Carolinas.  Moreover,  the  transition 
from  the  oldest  to  the  more  modem  (Yicksburg)  fauna  is  so  grad- 
ual, gaps  existing  in  Alabama  and  Mississippi  being  completely 
filled  by  transition  strata  observed  by  Hopkins  and  myself  in  Loui- 
siana, that  any  attempt  at  subdivision  into  eocene  and  ^  oligocene,^ 
must  draw  altogether  artificial  lines  of  demarcation. 

But  while  on  the  Atlantic  coast  we  meet,  in  the  Miocene  and 
Pliocene  strata  of  Maryland,  Virginia,  and  tbe  Carolinas,  a  gradual 
approximation  to,  and  admixture  of,  modem  marine  forms,  the 
Yicksburg  epoch  closes  abraptly,  so  far  as  tbe  Gulf  of  Mexico  is 
concerned,  the  marine  Tertiary  series.  The  geologically  as  well  as 
agriculturally  barren  rocks  of  the  Orand  Qvlf  age  lack  all  analogy 
outside  of  the  Gulf  basin,  unless  it  be  those  of  the  Bad  Lands  of 
Nebraska,  and  especially  the  White  River  beds,  to  which  tbey 
bear  an  extraordinary  lithological  (as  well  as  in  some  respects, 
stratigraphical)  resemblance.  However  little  this  circumstance 
may  prove  as  regards  equivalence  in  time,  we  must,  nevertheless, 
not  forget  that,  as  the  only  representative  of  the  geological  period 
intervening  between  the  eocene  and  the  Drift  on  the  Gulf  shores,  the 
Grand  Gulf  group  almost  necessarily  embraces  among  its  equivalents 
these  very  beds ;  and  since  Marsh  has  found  the  latter  so  much  fi&r- 
ther  south  .than  they  were  supposed  to  exist  but  a  short  time  ago,  it 
is  not  altogether  impossible  that  more  direct  relations  between  the 
two  may  yet  be  proven.  The  Grand  Gulf  rocks  form  the  highest 
ridges  of  Louisiana  as  well  as  of  south  Mississippi,  falling  off  rather 
abruptly  into  the  level  prairie  country  of  the  marine  Tertiary.  But 
even  these  ridges  are  capped  by  the  ferraginous  sandstone  of  the 
southern  drift,  which  may  have  been  instrumental  not  only  in 
greatly  diminishing  their  height,  but  also  in  sweeping  away  the 
links  connecting  them  with  the  interior;  as  has  unquestionably 
happened  with  regard  to  the  older  Tertiary. 

Be  that  as  it  may,  whether  actual  connection  existed  or  not,  we 
cannot  escape  the  conclusion  that  analogous  circumstances  were 
required  to  produce  analogous  deposits.  Foremost  among  these 
was  the  exclusion  of  the  sea;  nor  can  we  account  for  the  extreme 
scarcity  of  both  animal  and  vegetable  remains,  that  scarcely  leaves 
us  a  hope  of  direct  identification,  unless  upon  the  supposition  that 
the  water  which  deposited  these  beds  was,  take  it  altogether,  too 
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fresh  for  a  salt-water  fauna,  yet  too  salt  to  admit  of  a  fresh-water 
population.  The  solitary  fragment  of  a  turtle,  recognized  by  Pro- 
fessor Marsh,  is  all  that  has.  so  far  rewarded  my  many  years'  search 
for  zoogene  fossils  in  this  formation ;  and  with  the  exception  of  a 
single  locality  in  Mississippi,  not  yet  fully  explored,  the  prospect 
for  recognizable  fossil  plants  is  about  equally  discouraging. 

I  confess  that  such  absolute  dearth  of  life  rather  staggers  my 
belief;  and  my  later  observations  on  the  deposits  of  the  Port  Hud- 
son (Quaternary)  beds  have  led  me  to  conclude,  that  in  some 
degree  this  absence  of  life  is  only  apparent ;  and  that  the  calcare- 
OU8  concretions^  so  abundant  in  some  of  the  clay  strata  of  the  for- 
mation, are  but  the  substance  of  perhaps  a  very  diversified  fauna, 
whose  calcareous  portions  have  been  thus  transformed  by  macera- 
tion.* The  calcareous  ingredient,  however,-  occurs  only  in  the 
lower,  clayey  division  of  the  series ;  and  it  is  sufficiently  remarkable 
that  the  fine  sand  and  clay  stones  of  the  upper  division  should  have 
preserved  no  vestiges  of  either  animal  or  vegetable  life. 

I  do  not  see  how,  in  view  of  the  nature,  thickness  (about  250 
feet),  and  wide  distribution  of  this  formation,  the  inference  can  be 
avoided,  that  during  the  whole  or  a  part  of  the  interval  between 
the  Yicksburg  and  Drift  ages,  the  Mexican  Gulf  was,  by  some 
means,  isolated  from  the  Atlantic  Ocean ;  or  that  at  least  its  commu- 
nication, perhaps  across  the  still  submerged  peninsula  of  Florida, 
was  80  imperfect  as  to  render  the  influx  from  the  interior  of  the 
continent  predominant  over  the  original  supply  of  searwater.  An 
upheaval  of  the  northern  borders  of  the  Caribbean  basin  could  easily 
accomplish  this  result,  so  long  as  the  deep  channels  excavated  by 
the  Gulf  Stream  in  the  Strait  of  Yucatan,  as  well  as  those  of  Flor- 
ida, did  not  yet  exist.  Too  little  is  as  yet  known  with  accuracy 
regarding  the  geology  of  the  nearer  Antilles  and  Yucatan,  to 
determine  whether  they  bear  the  ms^rks  of  the  event  recorded  by 
the  Grand  Gulf  rocks  on  the  northern  shore  of  the  basin.  The 
observations  of  Mr.  Gabb  in  Sto.  Domingo,  and  of  the  Englis 
geologists  in  Jamaica,  seem  to  indicate  the  existence  there  of  ma- 
rine Miocene  and  Pliocene  tertiaries,  which  are  altogether  unrepre- 
sented in  the  waters  of  the  Gulf.  It  has  been  suggested  to  me  that 
beds  of  that  character  may  be  covered  by  the  Grand  Gulf,  and  later 
beds  of  the  Gulf  coast.  I  willingly  leave  the  onus  of  proof  on 
that  score  to  those  who  may  think  such  an  assumption  desirable. 

«  Amer.  Joum.  Sd.,  Juioary,  1869,  p.  81 ;  Ibid.,  NoTember,  1869,  p.  888. 
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But  were  this  the  case,  the  necessity  for  assuming  the  cutting  off 
of  the  Gulf  basin  from  the  Atlantic,  on  account  of  the  existence  of 
the  Grand  Gulf  rocks,  would  be  none  the  less  cogent ;  for  I  doubt 
whether  any  geologist,  upon  full  consideration  of  the  facts,  would 
for  a  moment  entertain  the  idea  that,  like  the  "Northern  Lignitic^ 
of  the  older  Tertiary,  the  Grand  Gulf  beds  could  be  explained  away 
as  a  mere  littoral  formation. 

It  is  worthy  of  remark,  that  while  east  of  the  Mississippi  the  pecu- 
liar sand  and  clay  stones  of  this  group  are  confined  to  the  north- 
westerly portion  of  its  area  of  occurrence,  in  Louisiana  and  eastern 
Texas  these  rocks  are  altogether  predominant,  especially  along  the 
northern  (or  landward)  border,  the  clays  being  subordinate.  . 

QucUemafy  JSeds. 

•  The  Grand  Gulf  rocks  are  almost  everywhere  immediately  over- 
laid by  the  deposits  of  the  stratified  Drift  or  Orange  sand.  Of 
course  it  overlies  equally,  as  a  rule,  the  more  ancient  formations 
(except  where,  from  causes  not  always  readily  imagined,  it  seems 
to  have  been  subsequently  removed)  up  to  the  limits  of  the  Palae- 
ozoic. Beyond  these,  its  occurrence  is  more  or  less  localized  in 
conformity  with  the  larger  valleys,  as  observed  by  Safford  in  middle 
and  eastern  Tennessee,  and  by  Tuomey  and  myself  in  Alabama. 
The  same  is'true,  apparently,  of  the  larger  channels  of  Texas.  But 
within  the  limits  of  the  Mississippi  embayment,  it  constitutes  one 
huge  delta-shaped  mass,  covering  the  entire  Tertiary,  and  a  large 
portion  of  the  Cretaceous  area,  to  a  depth  varying  from  a  few  feet 
to  over  two  hundred;  on  an  average,  perhaps,  between  sixty  and 
one  hundred  feet.  Its  predominant  material  is  orange  or  reddish, 
rounded  sand,  mostly  ferruginous,  of  various  degrees  of  indura- 
tion, with  subordinate  beds  of  clay,  and  enormous  gravel-streams, 
evidently  denoting  ancient  channels.*  Its  beds  disappear  beneath 
those  of  the  Port  Hudson  age  about  concurrently  with  those  of  the 
Grand  Gulf  era;  and,  consequently,  it  cannot  well  be  independently 
represented  on  the  map. 

I  have  heretofore  t  shown  that  in  order  to  explain  the  phenom- 
ena offered  by  the  Orange  Sand  of  Mississippi  and  Louisiana,  it 
seems  necessary  to  assume  that,  prior  to  its  deposition,  the  Gulf 
coast  suffered  an  elevation  to  the  extent  of  at  least  450  feet  above 

*  Miss.  Rep.,  1860,  Amer.  Journ.  Sd.,  May,  1866,  and  other  papers  above  re- 
ferred to. 
t  Amer.  Joum.  ScL,  NoYember,  1869,  p.  886. 
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its  present  level,  accompanied  by  a  much  greater  uprising  near  the 
head  of  the  waters.  This  elevation  was  succeeded,  during  the 
^  Champlain  ^  epoch,  by  slow  depression  to  at  least  twice  that  * 
amount;  and  finally,  during  the  Terrace  epoch,  a  re-elevation  to  at 
least  the  extent  of  450  feet  took  place.  These  figures  are  mininKiy 
if  we  regard  the  sea,  or  rather  the  Gulf  level,  to  have  remained  con- 
stant. But  i^  as  seems  necessary  to  assume,  the  Gulf  was  an  iso- 
lated basin  during  the  Grand  Gulf  era,  it  might  possibly  have  been 
elevated  as  a  whole,  and  the  zero-point  of  the  scale  would  be 
changed  upward,  accordingly.  The  same,  in  a  reverse  direction, 
would  be  true  if  it  could  be  assumed  that  the  occurrence  of  the 
glacial  epoch  sensibly  affected  the  general  level  of  the  ocean. 

Be  that  as  it  may,  the  gravel  is  composed  of  northern  rocks,  dis- 
posed in  belts,  of  which  one  occupies  the  main  axis  of  the  embay- 
ment,  while  others  mark  outlets  now  closed;  and  the  extensive, 
denudation  and  violent  plowing-up  of  the  more  ancient  formations 
clearly  prove  the  occurrence  of  an  immense  flow  of  waters  south- 
ward, which  in  the  main  channels  moved  pebbles  of  many  pounds 
weight ;  while  between  these,  the  deposition  of  the  finer  materials 
took  place  in  more  quiet  waters. 

That  these  events  were  not  of  a  local  character;  that,  on  the  con- 
trary, the  phenomena  observed  in  the  Southern  States  are  but  the 
necessary  consequence  and  complement  of  the  Drift  phenomena  at 
the  North,  hardly  requires  discussion ;  but  it  is  time  that  these  facts 
were  more  generally  understood  and  taken  into  account  by  Ameri- 
can geolo^ts,  and  that  the  Ohio  should  cease  to  be  proclaimed  the 
southern  limit  of  the  '^  Drift."  A  kind  of  settled  prejudice  on  this 
point  seems  to  have  obscured  the  vision  of  more  than  one  observer, 
in  consequence  whereof  these  deposits  have  been  claimed,  over  and 
again,  as  portions  of  every  formation  existing  in  the  south-west, 
from  the  Carboniferous  to  the  Bluff  or  Loess.  Thus,  in  north-east- 
em  Texas,  they  have  been  accounted  of  Tertiary  age ;  the  "  Ter- 
tiary iron  ores"  of  that  region  being  precisely  the  same  as  those  of 
the  ^  Orange  Sand  "  of  Louisiana  and  Mississippi.  The  same  is 
doubtless  true,  according  to  Safford,  of  the  ^*Lron  ore  banks"  of 
Tennessee, -associated  with  the  **  Ore  region  gravel,"  precisely  as  is 
the  case  in  north-east  Mississippi.  In  Arkansas,  Crowley's  ridge,  a 
peculiarly  characteristic  Orange  Sand  ridge  abutting  on  the  Missis- 
sippi River  at  Helena,  has  been  properly  accounted  of  Quaternary 
age  by  D.  D.  Owen ;  but  he  associates  with  it  the  underlying  lig- 
nitic  beds,  which  it  is  impossible  to  distinguish  from  those  cropping 
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out  directly  opposite,  on  the  Mississippi  River  blaff,  in  Mississippi 
and  Tennessee ;  and  which  are  directly  traceable  to  their  connec- 
tion with  the  oldest  Tertiary. 

Tuomey  first  asserted  the  existence  of  this  southern  Drift  from 
Alabama  to  South  Carolina,  and  conjectured  its  equivalence  to  the 
beds  which  underlie  the  cities  of  Richmond,  Washington,  and  Bal- 
timore: I  ascertained  its  wide  prevalence  in  the  States  of  Missis- 
sippi, Louisiana,  and  Texas,  and  identified  with  it  the  superficial 
beds  observed  by  Owen  in  Arkansas  and  south-western  Kentucky, 
and  by  Safibrd  in  Tennessee.  So  close  and  cogent  a  connection 
was  thus  established  between  it  and  the  ^modified  Drift''  of  the 
North-west,  that  I  can  no  longer  doubt  its  equivalence,  whatever 
may  be  the  precise  mode  of  origin  assigned  to  it.  The  ^  Eastern 
gravel "  streams  observed  by  Safibrd  in  the  mountains  of  Tennes- 
see, and  no  less  by  Kerr  in  North  Carolina,  have  their  counterparts 
in  the  rivers  of  Texas,  and  in  the  great  pebble-belts  of  the  Missis- 
sippi embaympnt.' 

But  it  will  be  difficult  to  combine  into  a  harmonious  whole  the 
widely  differing  observations  and  opinions  of  geologists  on  the  vexed 
Drift  question,  unless  some  agreement  is  come  to  as  to  the  pre- 
cise meaning  of  the  word.  Let  it  be  understood  that  the  term 
Drift,  unqualijied^  shall  embrace  all  the  deposits  formed  between 
the  end  of  the  Tertiary  period  and  the  beginning  of  the  Champlain 
era  of  depression,  when  "drifting"  ceased  on  this  continent,  out- 
side of  river  channels,  and  that  within  this  Drift  period  are 
embraced,  whether  as  consecutive,  or  more  or  less  simultaneous, 
but  genetically  distinct  formations,  the  Glacier-drift  or  moraines ; 
the  Iceberg  (or  "  glacial ")  drift  of  the  north-west ;  and  finally  the 
"modified,"  or  rather  stratified  Drift*  of  the  Western,  South  Atlan- 
tic, and  Gulf  States.  It  will  then  become  possible,  by  a  compari- 
son of  the  really  cognate  phenomena,  to  trace  more  definitely  the 
history,  both  general  and  local,  of  that  turbulent  period,  without 
the  confusion  attending  the  use  of  a  word  to  which  each  observer 
attaches,  more  or  less,  a  different  meaning. 
'  If  it  be  ftilly  ascertained  that  in  its  lower  course  the  Ohio  is 
(sensibly)  the  extreme  southern  limit  of  the  "glacial"  Drift,  while 
the  stratified  Drift  is  substantially  continuous  from  the  lakes  to  the 


*  The  name,  "  modified  Drift/'  would  be  altogether  inapplicable  to  a  large 
part  of  the  southern  Drift,  which  is  to  a  large  extent  "modified"  Cretaoeous 
and  Tertiary  material,  only  reBtratified,  Drift-fiuhion. 
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Golf  shore,  we  have  before  us  a  definite  problem  as  to  the  causes, 
that  can  probably  be  solved  hj  a  close  examination  of  the  critical 
region ;  viz^  the  southern  border  of  the  PalsBozoic  in  the  Mississippi 
Valley.  The  general  relations  of  the  Drift  to  the  Alleghany  range 
are  thus  fiir,  unfortunately,  involved  in  great  obscurity;  yet  a 
knowledge  of  these,  especially  on  the  western  slope,  seems  almost 
a  necessary  condition  precedent  of  any  probable  hypothesis  regard- 
ing the  history  of  the  Drift  period  west  and  south.  It  is  only  thus 
that  the  possible  existence  of  an  ancient  barrier  across  the  Missis- 
sippi Valley,  at  the  head  of  the  embayment,  may  be  either  estab- 
lished or  disproved. 

The  next  formation  laid  down  on  the  map  is  the  Port  Hudson 
group,  of  which,  however,  the  outcropping  littoral  portion  only  is 
here  represented.  Properly  speaking,  it  should  be  shown  as  occu- 
pying also  most  of  the  space  colored  as  alluvial ;  since  it  underlies 
everj' where,  not  only  the  marine  alluvium  (and  a  portion  of  the 
Gulf  itself),  but  also  that  of  the  Mississippi  and  its  chief  tributa- 
ries, at  least  as  high  up  as  Memphis,  and  on  Red  River,  nearly  if 
not  quite  up  to  Shreveport.  It  seems  to  exist  equally  in  the 
valleys  of  other  larger  rivers  tributary  to  the  Gulf;  notably  in  that 
of  the  Pascagoula,  up  to  one  hundred  miles  (in  a  direct  line)  from 
the  coast.* 

Having  discussed  this  formation  somewhat  in  detail  in  papers 
recently  published,  I  will  merely  state  that  it  embraces  a  group  of 
partly  littoral  and  estuarian,  partly  swamp,  lagoon,  and  fluviatile 
deposits,  whose  thickness  and  location  are  manifestly  dependent 
upon  the  topographical  features  of  the  continent,  then  (during  the 
"•  Cbamplain  "  period)  in  progress  of  slow  depression ;  as  shown  by 
the  nature  of  the  deposits,  and  the  numerous  superimposed  gener- 
ations of  large  C3rpress  stumps,  imbedded  in  laminated  clays  exhib- 
iting the  yearly  fall  of  leaves.  These  beds  overlie  those  of  the 
Orange  Sand  or  Stratified  Drift,  while  they  themselves  are  overlaid 
by,  not  only  the  river  alluvium,  but  also  by  the  Loess  or  Bluff  silt 
or  its  eqmvalents ;  as  well  as^  where  this  is  absent,  by  the  yellow 
loam  of  the  surfiice. 

It  would  seem  that  here  also,  during  the  latter  portion  of  the 
Drift  period,  most  of  the  larger  river  channels  were  already  im- 


*  See  Miss.  Rep.,  1860,  p.  168.    The  reference  of  the  outcrop  at  Fowe's  to 
the  Grand  Gulf  gn^up  is,  I  think,  undoubtedly  erroneous ;  and  the  same  may 
be  true  of  part  or  whole  of  the  Dwyer's  Ferry  section,  p.  161 
▲.  A.  ▲.  S.  TOL.  XX.  30 
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pressed  upon  the  surface,  though  not  always  coincident  with  the 
present  immediate  valley ;  as  Newberry  has  observed  in  celation 
to  some  of  the  northern  rivers.  A  depression  of  the  land  would 
gradually  transform  these  channels  into  inlets  filled  with  more  or 
less  stagnant  fresh  water  down  to  a  greater  or  less  distance  from 
the  then  existing  coast  line;  and  thus  opportunity  would  be 
afforded  for  the  formation  of  the  swamp  and  lagoon  deposits  into 
which  both  the  Mississippi  and  Red  River  have  subsequently  cut 
their  channels.  The  banks  of  the  Red  River  as  well  as,  outside  the 
present  alluvial  area,  those  of  the  many  lakes  and  bayous  which 
border  that  stream,  exhibit  strata  absolutely  identical  in  character 
with  those  observed  near  the  coast,  yet,  of  course,  totally  different 
from  either  the  alluvial  deposits  of  the  present  time,  or  the  adjoin- 
ing tertiaries.  The  same  holds  true,  more  or  less,  of  the  Mississippi 
and  its  mighty  ^  bayous."  According  to  the  observations  of  Dr. 
E.  A.  Smith  in  the  Yazoo  bottom,  and  my  own  in  that  of  the  Ten- 
sas, not  only  do  the  clays  with  calcareous  concretions  (as  charac- 
teristic of  the  Port  Hudson  age  as  they  are  foreign  to  the  alluvium 
of  to-day)  frequently  crop  out  in  the  beds  of  the  streams;  but  much 
of  the  best  lands  of  the  "buckshot"  kind,  now  situated  above  over- 
flow, have  clearly  been  formed  by  simple  disintegration  of  these 
strata,  altogether  independently  of  the  river  alluvium. 

These  results  iully  confirm,  therefore,  the  statement  m^de  by 
General  Humphreys,*  that  the  Mississippi  does  not,  as  a  rule,  flow 
in  a  bed  formed  of  its  own  deposits,  but  has  excavated  it  in  an 
older  geological  formation.  Wells  exceeding  fifteen  or  twenty  feet 
ordinarily  strike  these  clays  throughout  the  bottom,  as  they  do  in 
the  delta;  and  the  analogy  has  been  completed  by  the  repetition 
of  the  phenomena  observed  in  driven  wells  at  New  Orleans,!  at  a 
point  about  fifty  miles  above  Vicksburg  (General  Wade  Hamp- 
ton's plantation),  where  a  tube-well  has  ftimished  a  copious  flow  of 
combustible  gas  undiminished  for  many  months. 

The  swamp  clays  form,  however,  only  the  lower  portion  of  the 
Port  Hudson  beds.  Higher  up,  as  shown  at  the  Port  Hudson 
bluf^}  there  lie  yellow  or  whitish  silts  and  "hard-pans.**  These 
form,  also,  a  level  terrace  some  miles  in  width,  bordering  the  Ten- 
sas bottom ;  while  high  above  it,  on  the  hill-tops  of  Sicily  Island, 

*  Rep.  on  the  MisBisrippI  Rirer,  p.  98,  et  al. 
t  Amer.  Journ.  Sci.,  rol.  i.,  1871,  p.  845. 
t  See  profile  in  Amer.  Jonm.  Sd.,  Jan.,  1869. 
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on  the  Washita,  lie  the  remnants  of  the  Loess  formation,  the  main 
bodj  of  which  has  succumbed  to  the  erosive  influence  of  the 
Terrace  epoch  of  elevation.  It  has,  however,  left  a  belt  a  few 
miles  wide  on  the  eastern  side  of  the  valley,  as  shown  on  the  map. 

It  would  thus  seem  that  during  the  latter  portion  of  the  period 
of  depression,  the  rate  of  sinking  became,  at  times,  too  rapid  to 
allow  of  the  accumulation  of  swamp  deposit.  The  indurate  silts  are 
mostly  devoid  of  fossils  of  any  kind,  but  are  occasionally  traversed 
by  fluviatile  beds  with  pebbles,  diift-wood,  &c.  Then  there  is  a 
recurrence  of  the  swamp  deposits ;  then  again  silts ;  and  finally, 
the  calcareous,  silty  loam  of  the  bluff  formation,  with  its  numerous 
terrestrial  fossils  and  ^Loss  puppets,"  ends  the  deposits  clearly 
referable  to  the  epoch  of  depression. 

The  Loess  differs  little  fi'om  its  equivalents  farther  north,  save 
in  being  utterly  devoid  of  stratification  as  well  as  of  any  fluviatile 
organisms.  It  is  not  easy  to  imagine  the  modus  operandi  by 
which  a  deposit  of  this  kind,  sometimes  seventy  feet  thick,  and  of 
dead  uniformity  from  top  to  bottom,  could  be  produced.  Its 
equivalents  farther  north  exhibit  very  distinctly  the  structure  re- 
sulting ^en  deposition  takes  place  in  (gently)  flowing  water ;  at 
the  south  it  was  probably  substantially  stagnant,  save  as  regards 
the  tidal  flow.  Perhaps  the  latter  may  serve  to  explain  both  the 
absence  of  fluviatile  as  well  as  marine  life,  and  the  uniform  inter- 
mixture, without  any  semblance  of  arrangement,  of  material  vary- 
ing from  the  finest  silt  to  pebbles'  half  an  inch  in  diameter.  A 
strong  tidal  wave  running  up  a  deep  inlet  of  this  kind,  would 
naturally  sweep  away,  in  its  periodical  rushes,  many  members  of 
the  terrestrial  fauna,  whose  remains  are  in  a  marked  degree  the 
more  abundant  the  nearer  we  approach  to  the  edge  of  the  forma- 
tion. 

Overlying  the  Loess  we  find,  wherever  opportunity  is  afforded, 
a  stratum  of  yellow  loam  or  brick  clay,  which  near  the  larger 
valleys  is  often  as  much  as  fifteen  to  twenty  feet  in  thickness.  It 
is  altogether  devoid  of  stratified  structure,  as  well  as  of  fossils,  and 
forms  the  surface  layer,  and  in  most  cases  the  subsoil  of  the  Gulf 
States.  I^  as  I  am  inclined  to  believe,  its  presence  as  a  connected, 
though  very  undulating  sheet,  on  all  but  the  most  elevated  uplands 
of  these  States,  necessitates  the  assumption  of  submergence,  how- 
ever brie^  to  the  highest  level  at  which  it  occurs ;  the  changes  of 
level  heretofore  alluded  to  would  be  shown  to  have  exceeded  by 
600  to  700  feet  the  estimate  given  above. 
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The  sueceeding  (Terrace)  epoch  of  elevation  has  not,  so  &r  as  I 
am  aware,  left  any  marks  in  the  way  of  beach-lines  or  terraces, 
Tuless  the  second  bottoms  or  ^^hommocks"  be  accounted  such. 
They,  however,  belong  to  a  very  modem  epoch ;  for  they  occur  on 
streams  no  larger  than  what  is  usually  called  a  ^' creek,"  and  are 
most  marked  on  the  smaller  rivers,  while  apparently  absent  from 
those  of  the  largest  size,  such  as  the  Mississippi,  Red,  and  Arkansas 
Rivers.  The  elevation  at  which,  on  the  very  Gulf  shore,  we  find 
deposits  of  the  Port  Hudson  age  (180  feet  at  the  Five  Islands  on 
Vermilion  Bay)  shows,  nevertheless,  that  a  stupendous  amount  of 
erosion  was  accomplished  during  the  time  that  the  Mississippi  oc- 
cupied in  scooping  out  its  channel  to  a  depth  which,  even  below 
the  northern  boundary  of  Louisiana,  cannot  be  estimated  at  less 
than  500  feet. 

As  regards  the  modem  epoch,  I  will  merely  remark  that,  while 
in  the  axis  of  the  ancient  embayment  the  Mississippi  River,  through 
the  singular  instrumentality  of  mudlumps  upheaval,  is  rapidly 
pushing  out  the  land  into  the  Gulf  waters,  the  latter  are  neverthe- 
less gaining  ground  on  almost  the  entire  coast  of  Mississippi  and 
Alabama ;  and  the  same  is  true  of  a  portion  of  Vermimn  Bay. 
Yet,  on  the  whole,  the  coast  of  Louisiana,  as  well  as  that  of  Texas 
and  Florida,  is  more  than  holding  its  own  ;  and  the  shallowness  of 
the  water,  even  where  encroachment  does  take  place,  will  neces- 
sarily restrict  the  latter  within  narrow  limits  hereafter. 


2.  Westebn  Coal  Measures  and  Indiana  Coal.     By  Pro- 
fessor £.  T.  Cox,  of  Indianapolis,  Indiana. 

The  study  which  I  have  given  to  the  geology  of  the  West  has 
led  me  to  conclude  that  the  carboniferous  rocks  embracing  the 
coal-beds,  both  of  the  Appalachian  and  Western  coal-fields,  were 
formed  in  two  great  depressions  that  gave  rise  to  large  inland  seas. 
These  seas  communicated  with  the  ocean  on  the  south  and  west, 
which  then  extended  far  up  the  Mississippi  Valley  and  covered 
most  of  the  Southern  States,  as  far  north  as  the  thirty-fifth  par- 
allel. 
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A  high  ridge  or  plateau  of  Silurian  rocks,  capped  in  places  with 
the  Devonian,  and  lying  in  a  north-easterly  direction  across  the 
States  of  Tennessee  and  Kentucky,  and  along  the  western  border 
of  Ohio,  and  the  eastern  border  of  Indiana,  separated  these  two 
seas  from  each  other ;  and,  spreading  out  over  the  northern  portion 
of  the  two  latter  States,  extended  into  Pennsylvania  on  the  east, 
and  Illinois  and  Iowa  on  the  west,  forming  an  almost  unbroken 
chain  along  their  northern  shores. 

In  these  seas  were  forming  the  sub-carboniferous  rocks ;  and,  as 
the  water  became  shallow  from  the  accumulated  sedimentary 
material  that  went  to  build  them  up,  a  barrier  was  formed,  which 
shut  out  the  ocean  and  cut  off  the  source  of  salt-water  supply. 
Facilitated  also  by  the  drainage  from  a  large  surface  area,  the 
waters  of  these  seas  became  less  and  less  brackish ;  and  the  con- 
ditions necessary  for  the  accumulation  of  the  coal  vegetation  were 
in  this  way  brought  about  so  gi*adually,  that  many  marine  forms 
of  life  continued  to  exist,  and,  by  degrees,  accommodated  them- 
selves to  the  new  condition  of  things. 

That  marine  forms  of  life  are  brought  to  adapt  themselves  to 
fresh-W2#er  habitudes,  under  favorable  conditions,  has  been  shown 
by  the  researches  of  Dr.  William  Stimpson,  who  found,  by  deep 
dredgings  in  Lake  Michigan,  a  species  of  marine  Crustacea  in  great 
abundance ;  and  similar  discoveries  had  previously  been  made  of 
marine  forms  of  life  by  dredging  in  the  large  fresh-water  lakes  of 
Europe. 

From  this  we  may  readily  infer  that  the  North  American  lakes 
communicated  at  one  time  with  the  ocean,  and  that  their  fauna 
and  flora  were  to  a  certain  extent  brought  to  accommodate  them- 
selves to  the  gradual  change  from  salt  to  fresh  water. 

The  position  of  the  oceans,  relative  to  the  land,  and  the  great 
preponderance  of  water  on  the  American  continent  during  the 
carboniferous  epoch,  must  have  had  a  decided  influence  in  modi- 
fying the  temperature  and  increasing  the  humidity  of  the  atmos- 
phere, thereby  rendering  it  in  every  way  adapted  to  the  luxuriant 
growth  of  the  tropical  plants  which  furnished  the  carbon  so  provi- 
dentially stored  away  in  the  fossil  fuel ;  for  we  find  that  many  of 
these  coal-producing  plants,  whose  dwarfed  prototypes  are  now 
confined  to  the  tropics,  flourished  then  as  fitr  north  as  the  arctic 
zone. 

There  could  have  been  no  necessity  for  any  increase  of  carbonic 
acid  or  other  material  change,  as  some  have  supposed,  in  the  corn- 
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position  of  the  atmosphere,  beyond  a  slight  increase  in  its  hu- 
midity ;  and  the  probability  is  that  none  existed. 

The  two  great  coal-fields  being  separated  from  each  other  from 
the  very  beginning,  as  I  have  endeavored  to  show,  by  a  barrier 
of  rocks  which  present  no  evidence  of  any  subsequent  submer- 
gence, and  which  long  antedate  the  carboniferous  era,  it  is  diffi- 
cult to  comprehend  how  any  equivalency  in  the  coal-beds  of  the 
Appalachian  field  can  be  found  in  those  of  the  west,  as  many  of 
.  our  eminent  geologists  have  maintained. 

It  is  true  that  the  fluctuations  in  level  which  served  to  build  up 
the  various  strata  may  have  been,  and  in  all  probability  were, 
synchronous  over  the  two  basins ;  but  the  special  requirements  for 
the  production  of  coal-beds  could  hardly  have  proved  uniform 
over  districts  so  widely  separated. 

Though  once  a  firm  believer  in  the  equivalency  of  coal-seams 
throughout  the  western  coal  measures,  I  have  seen  much  of  late 
to  shake  my  faith  in  the  possibility  of  determining  an  entire  agree- 
ment in  the  coal-beds,  even  in  the  limited  Area  of  the  coal-field 
in  Indiana. 

From  a  marked  irregularity  in  the  thickness  of  the  carboniferous 
beds  over  any  great  extent  of  territory,  we  have  good  reason  to 
believe  that  these  inland  seas,  like  all  other  great  bodies  of  water, 
were  of  unequal  depth,  and,  consequently,  did  not  present  at  all 
times  over  their  entire  area  conditions  alike  favorable  for  the 
formation  of  coal ;  and  that,  while  the  ocean  was  excluded  fi-om 
the  Appalachian  sea,  where  the  material  for  the  coal-beds  was 
forming,  the  sea  on  the  western  side  was  still  filled  with  salt 
water,  in  which  was  accumulating  the  sediment  that  was  subse- 
quently changed  to  rock,  and  the  conditions  favorable  to  the  pro- 
duction of  coal  had  not  yet  been  reached.  Such  a  state  of  things 
will  serve  to  account  for  the  great  discrepancy  in  the  aggregate 
thickness  of  the  strata  in  the  two  coal-fields;  the  Appalachian 
being  estimated  at  2,500  or  3,000  feet,  whereas  in  the  western 
coal-field  the  greatest  depth  will  hardly  exceed  1,000  feet,  and 
in  Indiana  not  more  than  700  feet,  if  so  much,  though  we  in- 
clude in  the  latter  estimate  every  stratum  from  the  Archimedes 
limestone  upward. 

From  observations  made  in  the  western  coal-field  during  the 
past  three  years  over  portions  of  southern  Illinois,  western  Ken- 
tucky, and  Indiana,  so  many  errors  have  been  found  in  the  sections 
of  the  coal  strata  given  in  the  Third  Kentucky  Beporti  and  which 
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were  pretty  generally  copied  by  other  geologists  in  more  recent 
reports,  that  I  have  found  it  necessary  to  make  an  entirely  new  clas- 
ufication  of  the  coals  in  the  West.  In  speaking  of  the  errors  in 
Dr.  D.  D.  Owen's  section  of  the  western  coals,  I  do  not  want  to 
be  understood  as  referring  to  the  errors  of  the  sections  published 
in  his  First  and  Second  Reports  on  the  Geology  of  Kentucky,  as 
some  have  supposed  from  reading  the  remarks  on  this  subject  made 
in  my  First  Report  on  the  Geology  of  Indiana,  1869,  but  to 
the  subsequent  general  section,  to  be  found  at  pages  18-24  in 
the  8d  vol.  "Kentucky  Report,  1867,"  in  which  some  of  the 
most  glaring  errors  of  the  previously  published  sections  are 
omitted. 

The  Kentucky  column  was  the  first  effort  at  a  general  classifica- 
tion of  the  western  coals,  and,  considering  the  difficulties  encoun- 
tered in  accurately  accomplishing  so  gigantic  an  undertaking,  at  a 
time  when  a  large  portion  of  the  country  surveyed  was  almost  in 
the  condition  of  a  wilderness  and  devoid  of  practical  developments 
from  mining  operations,  it  is  not  at  all  strange  that  errors  should 
be  found  by  those  who  subsequently  review  the  grounds,  assisted 
in  their  researches  by  a  knowledge  of  the  labors  of  former  ex- 
plorers, and  the  still  greater  advantage  derived  from  more  recent 
developments. 

Hence  no  undue  merit  is  claimed  for  having  been  enabled  to 
make  more  accurate  observations  than  those  able  geologists  who 
have  gone  before  me;  and,  with  a  due  conviction  that  there  are 
many  facts  yet  to  learn,  from  the  study  of  the  measures,  before  a 
correct  general  section  of  the  western  coal-beds  can  be  given,  to- 
gether with  their  equivalency  over  the  field  to  which  they  belong, 
I  have,  in  presenting  a  column  of  the  Indiana  coals  at  this  time, 
omitted  the  use  of  numbers,  and  adopted,  provisionally,  letters  in 
their  place ;  while  gaps  are  left  in  the  order  of  succession  to  be 
filled  by  undiscovered  seams  of  coal,  or  verified  by  future  re- 
search. 

The  following  diagram  represents  three  columns  of  coal,  arranged 
on  a  common  horizon  for  the  purpose  of  comparison. 

No.  1  is  copied  from  '^  A  Geological  Reconnoissance  of  Indiana,'' 
by  Professor  Richard  O^en,  1859-60,  and  represents  the  order  of 
the  coals  in  Indiana  according  to  Professor  Leo  Lesquereux.  With 
the  exception  of  some  unimportant  changes  in  the  lower  portion, 
this  column  is  the  exact  counterpart,  as  claimed  by  its  author,  of 
the  Kentucky  column  above  referred  to. 
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* 

No.  2  presents  a  column  of  the  Kentucky  coals,  as  corrected  by 
myself,  and  — 

No.  3,  a  corrected  column  of  the  Indiana  coals. 

Column  No.  3-  is  established  upon  the  best  evidence  now  before 
me ;  and  though  in  some  of  its  parts  there  may  prove  to  be  errors, 
still,  as  a  guide  in  conducting  researches  for  coal-beds,  it  is  confi- 
dently believed  that  it  presents  the  best  solution  of  the  Indiana 
coal  strata  yet  ^ven  to  the  public,  and  that,  in  the  main,  it  will 
be  sustained  by  future  investigations.  In  prosecuting  the  survey 
of  Indiana,  my  assistants  are  requested  not  to  force  local  sections 
to  agree  with  this  column,  but  rather  give  the  order  of  the  strata 
just  as  they  are  found,  and  leave  equivalencies,  unless  clearly 
proved,  to  a  final  summing-up  of  all  the  evidence  collected. 

In  the  connected  section  of  the  western  coal-beds,  given  at  pages 
18-24,  3d  vol.  Kentucky  Report,  the  measures  are  divided  into 
upper  and  lower  coal  measures ;  and  this  arrangement,  with  some 
local  modifications,  has,  until  recently,  been  generally  adopted  by 
geologists. 

Now,  so  fiir  as  ipy  observations  go,  either  in  Kentucky,  Illinois, 
or  Indiana,  I  can  find  neither  lithological  nor  paladontological  evi- 
dence which  can  be  relied  upon  for  cutting  up  the  western  coal 
measures  into  separate  epochs.  The  ^' Anvil  Bock''  sandstone, 
which  was  brought  into  requisition  for  this  purpose,  can  hardly 
be  depended  upon  as  a  horizon,  beyond  the  small  district  in  which 
it  was  first  discovered ;  and  the  equivalency  of  the  Mahoning  sand- 
stone of  the  Pennsylvania  geologists,  as  designated  by  Owen  and 
Lesquereux,  has  also  proved  totally  unreliable  as  a  basis  for 
division,  even  though  it  should  be  found  necessary  to  establish 
one.  In  the  3d  voL  Kentucky  Report,  and  in  the  "  Report  of  a 
Geological  Reconnoissance  of  Indiana,"  1859,  the  latter  stone  is  at 
one  place  referred  to  the  horizon  of  the  ^  Anvil  Rock"  sandstone, 
and  at  another  locality  to  that  of  the  "^  Millstone  grit."  Indeed, 
so  unfortunate  has  been  the  efibrt  to  transplant  the  ^Mahoning" 
sandstone,  of  Pennsylvania,  into  our  western  coal  measures,  that 
I  can  recall  no  prominent  locality  where  it  is  not  distinctly  refer- 
able to  one  or  the  other  of  the  above  sandstones.  For  the  equiva- 
lency of  sandstones  in  the  western  coal-field,  I  have,  as  yet,  been 
unable  to  find  any  lithological  or  palaeontological  evidence  which 
can  be  relied  upon  as  a  guide  to  identity. 

In  the  Indiana  Report  by  Professor  Richard  Owen,  1859-60, 
Professor  Lesquereux  refers,  firom  pabBontological  evidence,  the 
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sandstone  above  the  "  Knob"  coal  in  Spencer  County  to  the  "Ma- 
honing" sandstone,  and  appears  undecided  whether  the  position  of 
the  "Martha  Washington"  sandstone,  which  forms  the  bluff  at 
Rockport,  and  presents  a  vertical  face  of  thirty  to  fifty  feet  on  the 
side  fronting  the  river,  should  be  referred  to  the  "  Mahoning  "  or 
to  the  sandstone  above  coal  No.  2  of  his  general  section,  given  at 
pages  299-305  (column  No.  1  of  diagram).  At  these  localities, 
from  my  own  examinations,  I  find  the  Rockport  sandstone  to  be 
the  "Millstone"  grit,  and  the  "  Kjoob"  coal  to  be  coal  L  of  my 
general  section  of  the  coals  in  Clay  County,  column  No.  3  of  the 
diagram.  Consequently  the  sandstone  which  overlies  it  in  the  hill, 
if  referred  at  all  to  an  equivalency  in  the  Kentucky  section,  will  be 
at  least  about  the  place  of  the  "  Anvil  Rock  "  sandstone. 

At  Washington,  in  Daviess  County,  Professor  Lesquereux  found 
a  paucity  of  pateontological  evidence;  nevertheless  it  was  believed 
to  be  sufficient  to  warrant  him  in  referring  the  main  coal  of  that 
place  to  No.  1  -B  of  his  section. 

In  his  account  of  the  measures  in  Daviess  County,  no  mention  is 
made  of  the  heavy  bed  of  sandstone  two  miles  north-east  of  Wash- 
ington, which  is  overlaid  by  the  "  Washington "  coal,  which  he 
refers  to  No.  \  B  ;  this  sandstone  is  quite  a  marked  feature  in  the 
geology  of  this  part  of  Daviess  County,  and  is  underlaid  by  two 
workable  beds  of  coal,  —  the  upper  three  feet  thick,  and  the  lower 
three  to  six  feet  thick ;  the  space  between  the  two  varying  from 
twenty  to  forty  feet.  The  lower  coal  has,  usually,  a  limestone  over 
it,  and  being  the  second  coal  in  the  descending  order  below  the 
"Washington"  coal,  is  represented  as  ^ in  my  section.  A  coal 
fourteen  miles  north  of  Washington,  overlaid  by  limestone,  is,  from 
its  position,  referred  by  him  to  coal  No.  1  (7.  I  suppose  the  coal  in 
the  bed  of  the  river  below  Edwardsport,  in  Knpx  County,  is  the 
seam  here  referred  to ;  if  so  it  is  the  second  seam  below  the  "  Wash- 
ington "  coal.  Now  the  "  Washington  "  coal  is  at  least  as  lygh  up 
in  the  measures  as  coal  L  of  my  section.  The  first  coal  below  it  in 
Daviess  County  was  not  recognized  in  Clay  County ;  and,  at  the 
time  of  making  my  section,  it  was  thought  that  no  coal  would  be 
found  intervening  between  L  and  K:  consequently,  I  am  now  com- 
pelled to  make  an  interpolation  of  a  letter,  and  designate  this  coal, 
provisionally,  as  X;  the  coal  with  the  limestone  above  it  as  K; 
and  the  five-foot  coal-bed  near  the  top  of  the  hill  at  Edwardsport, 
which  is  the  equivalent  of  the  "  Washington  "  coal,  as  X. 
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Passing  on  northward  into  Clay  Connty,  coal  I  of  my  section 
refers  to  No.  1  A^  and  Jff'to  No.  1  (?,  of  Lesquereox'  section. 

Now,  it  is  clearly  demonstrated,  in  this  county,  that  there  are 
two  workable  block-coal  beds  in  a  space  of  fifty  to  sixty  feet  below 
the  seam  reported  by  Professor  Lesquereux  as  No.  1  A^  or  the 
lowest  workable  seam. 

At  Gkirlick  and  Collins'  mine  oa  Otter  creek,  in  Clay  County,  K 
is  seen  in  the  side  of  the  hill  in  the  road-cut ;  I  is  worked  by  a 
drift ;  and  G  is  worked  by  a  shaft  sunk  at  the  foot  of  the  hill,  on 
the  bank  of  the  creek. 

Both  Zand  Q  are  here  loaded  into  the  cars  from  the  same  coal- 
tip. 

In  my  first  Report,  1869, 1  pointed  out  the  existence  of  a  second 
workable  seam  of  block  coal  below  the  seam  then  generally  worked : 
its  position  in  the  column  was  determined  fi*om  imperfect  outcrops; 
and,  for  a  time,  an  error  was  committed  in  confounding  it  with  a 
still  lower  seam,  F, 

Previous  to  my  survey  of  Clay  County,  no  geologist  or  any  other 
person  who  examined  the  grounds  ever  dreamt  of  finding  another 
workable  bed  of  coal  below  what  was  called  the  Brazil  seam,  L 
They  universally  believed  that  the  strata  at  Brazil  indicated  the 
latter  seam  to  be  the  lowest  workable  coal  in  the  coal  measures 
proper,  and,  consequently,  that  no  lower  seam  of  any  economical 
value  could  be  found  below  it.  Since  publishing  my  first  Report, 
the  second  seam  has  been  reached  by  shafts,  and  worked  at  a  num- 
ber of  localities  in  the  county,  and  the  existence  of  the  third  seam 
is  fully  proved  by  bores. 

At  Highland,  two  miles  west  of  Brazil,  L  of  my  column  is  the 
principal  coal  worked,  and  probably  the  only  seam  in  the  basin,  at 
that  locality,  which  is  of  a  suitable  thickness  to  be  mined  with 
profit.  Notwithstanding  the  high  position  which  it  undoubtedly 
occupies  in  the  measures,  we  find  that  it  is  referred  by  Professor 
Lesquereux  to  No.  4  of  his  column ;  the  same  seam,  at  Williams,  to 
No.  3 ;  and  the  sandstone  which  is  seen  above  the  coal  at  Highland 
he  refers,. without  doubt,  to  the  "Mahoning"  sandstone.  In  fact, 
the  misplacing  of  coal-seams,  and  the  confounding  of  sandstones  at 
all  levels  with  the  "  Mahoning  "  sandstone  of  Pennsylvania,  and  the 
**  Anvn  Rock''  sandstone  of  Kentucky,  I  might  continue  to  trace 
throughout  the  entire  coal-field  of  Kentucky,  Indiana,  and  Illinois. 

In  the  Kentucky  Reports,  and  "  The  Report  of  a  Geological 
Reconnoissance  of  Indiana,"  as  well  as  in  the  reports  of  other  geol- 
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ogists  who  have  written  on  the  western  coal  measures,  the  distin- 
guished authors  appear  to  have  satisfied  themselves  that  the 
western  coal-beds  and  sandstones  are  synchronous  with  the  Appa- 
lachian strata;  and  that  the  '^Mahoning"  sandstone,  there  a  con- 
spicuous horizon,  must,  as  a  matter  of  necessity,  have  a  similar 
place  in  the  western  field,  and  divide  here,  as  there,  the  measures 
into  upper  and  lower  coal  measures ;  and  that  the  coal-beds  should 
conform  thereto. 

Having  pointed  out  a  few  of  the  errors  committed  in  the  stratog- 
raphy  of  the  Indiana  coals,  at  localities  where  their  position  can 
be  proved  beyond  a  doubt,  I  will  now  proceed  to  show  some  of  the 
errors  that  exist  in  the  Kentucky  column,  from  observations  made 
at  the  same  localities  that  furnished  the  data  upon  which  it  was 
constructed,  and  which  column  served  as  a  basis  for  the  arrange- 
ment of  the  coal-beds  and  sandstones  of  all  other  districts  in  the 
West. 

The  column  of  the  coal  measures  of  Kentucky,  given  at  pages 
18-24,  3d  vol.  "Geology  of  Kentucky,"  presents  us  with  1,350 
feet  of  strata  above  the  "Millstone"  grit,  or  Caseyville  conglom- 
erate. 

From  the  sandstone  under  coal  No.  18,  down  to  the  "Anvil 
Rock"  sandstone,  there  is  a  repetition  of  the  strata;  including  the 
latter  rock,  probably  as  far  down  as  No.  7.  This  part  of  the 
columa  was  constructed  from  bores  that  started  on  the  Carthage 
limestone,  which  in  Union  County,  Kentucky,  is,  I  now  believe,  the 
equivalent  of  the  limestone  over  poal  No.  11.  Though  the  details 
of  strata  passed  through,  in  these  bores  can  hardly  be  relied  upon, 
and  in  no  two  instances  do  they  fully  agree  as  to  the  character  of 
the  rocks,  still  the  place  of  the  coals,  and  probably  their  full  thick- 
ness, is  given  with  considerable  accuracy,  as  the  parties  who  made 
the  bores  were  in  search  of  that  mineral.  Therefore,  in  the  ar- 
rangement of  this  part  of  the  column,  it  was  erroneously  assumed 
that  the  bottom  of  the  lowest  bore  in  Union  County,  starting  from 
the  horizon  of  the  Carthage  limestone,  stopped  just  before  reach- 
ing coal  No.  11.  From  No.  17  down  to  No.  13,  by  reference  to 
column  No.  3  of  the  diagram,  you  will  observe  the  close  agreement 
in  the  spaces  between  the  coals  above  and  those  below  No.  11. 
In  the  former  they  are  35, 102, 115,  and  77  feet  respectively,  while 
in  the  latter  they  are  46,  67,  86,  and  127  feet ;  the  aggregate  dis- 
tance from  No.  17  to  No.  13  being  329  feet,  and  from  No.  11  to 
No.  6,  326  feet.    In  giving  the  space  from  No.  8  to  No.  6, 1  have 
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omitted  No.  7,  which  at  best  is  but  a  streak  of  coal,  and  has  no 
existence  in  Union  County,  where  the  principal  data  for  the  section 
was  obtained.  We  are  thus  carried  down  to  about  the  place  of 
the  "  little  coal "  at  Mulford's,  now  ShotwelPs  mine,  or  No.  6  of 
the  Kentucky  column.  From  No.  5,  passing  down,  there  is  but 
one  thin  coal  seam  in  the  space  interyening  between  it  and  ^Bell's" 
coal,  or  No.  1  B. 

The  ^  Curlew  "  sandstone  that  is  referred  to  a  horizon  just  below 
the  **  Mahoning  "  sandstone,  of  Pennsylvania,  is  the  equivalent  of 
the  ^  Anvil  Rock"  sandstone ;  No.  4  is  No.  11,  and  No.  3  is  the 
equivalent  of  No.  1  jB,  or  "Bell's"  coal,  which  lies  just  above  the 
**  Millstone "  grit  or  Caseyville  conglomerate.  In  Union  County, 
Kentucky,  there  is  a  thin  coal  in  the  conglomerate  below  "  Bell's  " 
coal,  but  there  appears  to  be  no  workable  seam. 

The  total  thickness  of  the  strata  in  the  Kentucky  column,  ex- 
clusive of  the  "Millstone"  grit,  is  1,350  feet;  now  strip  it  of  the 
above  errors  of  repeated  strata,  and  we  have  as  the  depth  of  the 
carboniferous  rocks  in  Union  County,  Kentucky,  only  612  feet,  in- 
cluding the  "Millstone"  grit. 

The  above  errors  are  in  a  great  measure  to  be  attributed  to  too 
great  a  reliance  on  palaeontological  evidence,  and  to  an  apparent 
desire  to  make  the  measures  conform  to  the  Pennsylvania  sections 
of  the  Appalachian  coal-field.  Though  there  are  some  striking 
analogies,  so  far  as  relates  to  the  character  and  peculiar  arrange- 
ment of  their  accompanying  rocks,  which  were  first  pointed  out  by 
myself  in  a  lecture  on  the  western  coals  in  1857,  between  the 
Pittsburg  seam  of  Pennsylvania  and  the  mammoth  seam  of  the 
western  measures  (No.  11  of  Owen's,  and  which  may  prove  to  be 
K  of  my  column),  yet,  from  the  undoubted  disconnection  of  the 
two  fields  while  the  coals  were  being  formed,  it  is  difficult  to  con-  ' 
ceive  how  any  reliable  equivalency  can  be  established. 

More  especially  are  we  led  to  doubt  the  equivalency  if  we  take 
into  account  the  great  preponderance  of  coal-measure  strata  in  the 
Pennsylvania  district,  which  goes  to  show  that  the  conditions 
necessary  for  the  production  of  coal  extended  over  a  much  greater 
period  of  time  in  the  Appalachian  than  in  the  western  field. 

Though  I  have  assumed  that  the  greatest  depth  of  coal  strata  in 
the  western  measures  will  not  exceed  1,000  feet,  in  Indiana  it  will 
not  be  found  greater  than  650  feet,  including  the  "  Millstone  "  grit. 
In  a  few  localities  in  this  State  there  are  one  or  more  very  thin 
seams  of  coal  below  the  Archimedes  limestone,  but  no  coal  of  any 
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economical  value  has  yet  been  found  lower  than  the  base  of  the 
"Millstone  "grit. 

There  are,  in  Indiana,  two  well-defined  zones  of  coal,  the  eastern 
and  the  western  zone,  and  though  an  equivalency  in  some  of  the 
seams  is  clearly  traced  from  one  to  the  other,  yet  the  quality  of 
the  coal  is  quite  distinct  in  each. 

The  eastern  zone  extends  from  the  Ohio  River,  in  Perry  County, 
on  the  south,  to  Warren  County  on  the  north,  being  about  150 
miles  in  length,  with  an  average  width  of  three  miles.  The  outline 
of  the  eastern  boundary  has  a  north-westerly  and  south-easterly 
trend,  but  is  very  irregular,  and  marked  by  numerous  tongue- 
shaped  projections,  which  have  been,  here  and  there,  cut  across  by 
denuding  forces,  leaving*  patches,  or  outliers,  of  carboniferous  rocks, 
with  their  seams  of  coal  resting  on  the  sub-carboniferous  limestone 
far  beyond  the  true  boundary  of  the  coal  measures. 

The  area  of  the  eastern  zone  is  about  450  square  miles,  or 
288,000  acres,  and  the  included  coals  belong  to  the  bituminous 
variety  characterized  as  non-caking  or  Jree-huming.  The  "  charfy- 
cocU^  or  soft  coal  of  England  is  a  non-caking  coal;  but  the  non* 
caking  coals  of  Indiana  differ  somewhat  in  physical  structure  from 
the  English  coal,  and  a  similar  class  of  coals  found  in  the  Mahoning 
Valley,  Ohio,  and  the  Shenango  Valley,  Pennsylvania;  the  two 
latter  being  the  only  other  localities  in  the  United  States  where 
non-caking  coal  is  found  in  any  quantity.  The  Indiana  coal  from 
this  zone  has  received  the  local  name  of  block  coal,  a  name  given 
to  it  by  the  miners  on  account  of  the  facility  with  which  it  can  be 
mined  in  blocks  as  large  as  it  is  possible  to  handle.  The  beds  are 
crossed  nearly  at  right  angles  by  joint  seams  that  greatly  facilitate 
the  operation  of  mining,  which  is  usually  carried  on  without  resort 
to  blasting.  Blocks  are  taken  out  smooth  the  full  depth  of  the 
seam,  and  leave  a  zig-zag  notched  outline  on  the  face  of  the  mine 
resembling  a  Virginia  worm-fence. 

Block  coal  has  a  laminated  structure,  and  is  composed  of  alter- 
nate thin  layers  of  vitreous  dull  black  coal  and  fibrous  mineral 
charcoal.  In  the  direction  of  the  bedding  lines  it  splits  readily 
into  thin  sheets  like  a  slate,  but  breaks  with  difficulty  in  the  oppo- 
site direction.  When  struck  with  a  hammer,  it  emits  a  sound  like 
that  given  by  wood.  Chemically  it  does  not  appear  to  differ  from 
the  caking  coals,  but  in  burning  behaves  quite  differently.  Unlike 
the  latter  it  does  not  swell,  shoot  out  jets  of  gas,  nor  form  a  cake 
by  running  together;  neither  does  it  leave  an  ash  mixed  with 
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clinker,  bat  retains  its  shape  like  hickory  wood,  until  entirely  con^ 
sumed  to  a  'small  quantity  of  white  ash,  which  contains  no  trace 
of  clinker.  I  have  not  yet  had  time  to  make  an  ultimate  analysis 
of  the  block  coal;  but  I  believe  that  when  so  examined  its  superior 
heating  properties,  which  have  been  determined  in  practice  by 
actual  work  done,  though  mainly  due  to  its  physical  structure,  will 
be  found  in  part  owing  to  its  containing  less  oxygen,  and  relatively 
more  hydrogen,  than  is  conunonly  found  in  bituminous  coals.  The 
block  coal,  in  the  great  majority  of  the  mines  that  have  been 
opened,  is  remarkably  free  from  sulphur  and  phosphorus.  A  speci- 
men taken  from  Garlick  and  Collins'  new  shaft,  coal  Q  of  my 
section  of  Clay  County,  and  which  has  a  specific  gravity  of  1.232, 
gave  in  100  parts: — Water,  2.10;  gas,  37.85;  fixed  carbon,  57.96  ; 
ash,  white,  2.60;  and  contained  sulphur,  0.070 ;  phosphorus,  0.22. 

At  the  White  River  Valley  Rolling  MiU,  in  this  city,  I  was 
informed  by  the  superintendent,  Mr.  Sims,  an  experienced  iron- 
master from  Pittsburg,  that  it  not  only  required  a  less  quantity  of 
block  coal  than  of  any  of  the  coals  in  use  around  Pittsburg  to 
make  a  ton  of  wrought  iron,  but  that  they  were  likewise  enabled 
to  bring  off  the  heats  in  a  much  shorter  space  of  time,  and  the 
resulting  iron  is  of  a  superior  quality,  —  three  important  advantages 
that  cannot  be  overlooked  by  iron-masters.  And  it  must  be  con- 
ceded that-  the  good  behavior  of  a  coal  in  the  puddling  frunace 
is  one  of  the  very  best  tests  of  purity  and  effective  heating  prop- 
erties to  which  it  can  be  subjected ;  for  here  its  good  qualities  are 
brought  into  requisition,  and  the  bad  ones  are  soon  made  manifest 
in  the.poor  quality  of  the  iron  produced. 

Though  the  blast  furnaces  of  Clay  County  cannot  be  looked  upon 
as  filling  all  the  requisites  of  an  iron  fiimace  best  adapted  to  the 
use  of  block  coal,  still  they  are  enabled  to  make  a  ton  of  No.  1 
foundry  iron  that  will  in  quality  compare  favorably  with  charcoal 
iron,  by  the  use  of  less  than  two  tons  of  coal.  And  I  feel  fully 
satisfied  that  by  materially  increasing  the  width  of  these  fiirnaces 
across  the  boshes,  and  raising  the  temperature  of  the  blast  to 
1,200**-1,500**,  that  the  make  will  be  greatly  increased  and  the 
consumption  of  coal  very  much  reduced.  By  increasing  the  cubic 
contents  of  the  furnaces,  and  raising  the  temperature  of  the  blast, 
they  have  been  enabled  in  the  Cleveland  district,  England,  to 
lessen  the  quantity  of  coke  fully  one-fifth  per  ton  of  iron  made. 

In  the  block-coal  zone  of  the  Indiana  coal-field,  there  are  as 
many  as  eight  seams  of  non-caking  coal,  four  of  which  are  of  good 
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workable  thickness  over  a  portion  of  the  field.  There  are  I^  6^ 
F^  and  A^  which  together  have  a  maximum  thickness  of  fifteen  feet, 
and  by  including  the  other  four  seams  we  have  six  feet  more, 
making  a  total  of  twenty-one  feet  of  block  coal.  If  we  take  one- 
half  of  this  as  a  moderate  average  over  the  288,000  acres  com- 
prised within  the  eastern  zone,  it  will  give  us  5,269,017,600  tons  of 
coal,  adapted  to  the  smelting  of  iron,  which  wiU  produce,  at  the 
rate  of  $2.25  per  ton  —  the  average  price  of  this  coal  at  Brazil — 
the  sum  of  $11,855,289,600. 

Ample  allowance  is  here  made  for  loss  of  coal  incurred  in  min- 
ing, and  the  estimated  value  is  believed  to  be  within  bounds.  The 
superior  excellence  of  the  block  coal  for  smelting  and  working 
iron  and  steel,  in  all  the  varied  departments  of  their  manufacture, 
has  been  fully  established  by  practical  tests.  Pig-iron  made  with 
this  coal  is  in  every  respect  equal  to  charcoal  iron  made  from  the 
same  ore;  it  is  a  soft  gray  iron,  of  highly  crystalline  structure,  con- 
tains a  large  percentage  of  combined  carbon,  with  but  a  mere  trace 
of  sulphur  and  phosphorus,  —  properties  which  render  it  admirably 
adapted  to  the  manufacture  of  Bessemer  steel. 

For  steam  and  household  purposes,  it  has  likewise  an  unrivalled 
reputation.  It  bums  under  boilers  with  a  full  and  uniform  flame, 
that  spreads  evenly  over  the  exposed  surface,  thus  securing  a  more 
uniform  expansion  of  the  boiler-plates;  and  greater  fi:«edom  from 
leaks,  that  are  so  conmion  when  caking  coals  are  used.  No  clink- 
ers are  formed ;  and  owing  to  its  freedom  from  sulphur  it  has  but 
little  detrimental  effect  upon  the  boilers,  grates,  or  fire-boxes.  I 
am  informed  by  the  owner,  Mr.  Stunkard,  that  a  boiler  in  ^  saw- 
mill at  Brazil,  under  which  block  coal  is  burnt,  has  been  in  use  for 
sixteen  years  without  requiring  any  repairs,  and  is  now  in  good 
condition. 

Mr.  Charles  R.  Peddle,  late  general  superintendent  of  the  St. 
L.  V.  T.  n.  &  I.  R.  R.,  informed  me  by  letter  that  this  company 
have  been  using  the  block  coal  from  Clay  County  for  the  past  two 
years  on  locomotives  with  excellent  results.    He  says: — 

"  The  coal  is  free-burning,  does  not  cake  in  the  fire-box,  makes  no  clink- 
ers, bums  completely  to  ash,  and  requires  very  little  more  attention  in  firing 
than  wood. 

*'  Its  freedom  from  sulphur  renders  it  completely  harmless  to  the  iron  of 
the  furnace  and  flues ;  and  the  only  difference  between  it  and  wood  is  that 
the  heat  is  concentrated  upon  the  lower  sheets  of  the  fire-box  instead  of 
being  more  generally  diffused  as  in  wood,  and  greater  care  must  be  taken 
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in  keeping  the  legs  of  the  fire-box  clear  of  scale  and  mud.  We  are  running 
our  western  division  of  passenger  engines  from  Terre  .Haute  to  St.  Louis, 
165  miles,  with  one  tender  of  coal,  averaging  three  tons  (of  2,000  pounds 
each)  per  trip.  On  the  eastern  division  (Terre  Haute  to  Indianapolis),  it 
is  used  on  freight  engines  only,  and  tlie  average  number  of  miles  run  to  one 
ton  of  coal,  in  the  year  1870,  was  26.28,  and  the  cost  per  100  miles  was 
$9.51,  which  includes  cost  of  hauling,  and  cost  of  wood  for  kindling  fires. 
This  statement  does  not,  of  course,  show  as  favorable  results  as  would  be 
obtained  if  the  coal  was  used  on  both  passenger  and  freight  engines,  as  the 
latter*  requires  as  much  as  fifty  per  cent,  more  fuel,  per  mile  run,  than  the 
former." 

This  coal  has  recently  been  introduced  on  many  other  roads,  on 
all  of  which  it  has  given  perfect  satisfaction. 

The  block  coal  does  not  require  as  much  draught  as  caking  coal; 
consequently,  an  engine  may  be  run  with  it  that  is  constructed  for 
burning  wood.  But  to  obtain  the  best  results  on  engines  designed 
to  bum  block  coal,  they  should  be  so  constructed  as  to  secure  the 
proper  draught,  as  all  in  excess  of  this  will  cause  a  waste  of  fuel. 
This  rule  holds  good  also  with  regard  to  burning  the  block  coal  in 
grates  or  heating  stoves;  i.e^the  draught  should  not  be  as  strong  as 
is  required  for  burning  caking  coals.  Block  coal  bums  in  grates 
with  a  bright,  cheerful  blaze,  like  hickory  wood ;  makes  a  very 
hot  fire,  and  for  comfort  and  economy,  when  properly  burnt,  sur- 
passes any  other  bituminous  coal  with  which  I  am  acquainted.  It 
b  used  at  the  Indianapolis  Glass  Works ;  and  Mi*.  Fought,  one  of 
the  company,  informed  me  that  the  glass-pots,  which  cost  from 
tlOO.OO  to  $125.00  each,  and  last  from  six  to  eight  weeks  when 
fired  with  Pittsburg  coal,  will  last  at  least  two  weeks  longer  when 
block  coal  is  used. 

The  western  zone  of  coals  in  Indiana  comprises  by  far  the  great- 
est area  of  measures,  being  somewhat  over  6,000  square  miles,  and 
contains  three  or  more  very  thick  beds  of  coal,  besides  a  number 
that  are  too  thin  for  working.  Its  eastern  boundary,  which  is 
formed  by  the  zone  of  block  coal,  is  irregular  in  outline ;  and,  with 
my  present  knowledge  of  the  geology  of  the  country,  it  cannot  be 
weU  defined.  It  is  evident,  however,  that  the  block-coal  beds,  as 
we  go  west,  are  changed  in  character,  and  pass  into  caking  coal. 
The  lower  members  thin  out,  and  are  no  longer  of  workable  thick- 
ness, even  before  reaching  the  Wabash  River.  Of  this  we  have 
abundant  proo^  by  the  three  deep  bores  made  at  Terre.  Haute. 
These  bores  commenced  about  foity  feet  above  low  water  of  the 
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Wabash  River,  and,  after  passing  a  few  feet  of  alluvium  deposit, 
were  in  strata  of  gravel,  sand,  and  hard-pan,  peculiar  to.  the  drift 
epoch,  for  a  depth  of  about  150  feet ;  and,  though  they  penetrated 
the  Silurian  rocks,  the  records  show  that  but  five  seams  were  passed, 
only  the  top  one  being  of  workable  thickness,  while  the  lowest  is 
but  293}  feet  below  the  surface. 

Two  and  a  half  miles  east  of  Terre  Haute,  coal  iVJ  which  is 
worked  by  a  shaft  at  Seelyville,  crops  out ;  this  indicates  a  rise  of 
the  strata  to  the  west ;  and,  as  a  still  further  means  of  accounting 
for  the  absence  of  the  upper  part  of  the  coal  measures  in  these 
bores,  it  is  possible  that  the  great  bed  of  drift,  which  is  found  on 
the  east  bank  of  the  Wabash  at  Terre  Haute,  filled  up  a  ravine  or 
valley  from  which  some  of  the  upper  coal-beds  were  removed  by 
abrading  forces. 

On  the  west  bank  of  the  Wabash  River,  coal  L  is  mined  in  a 
number  of  places  from  shafts  thirty  to  fifty  feet  deep. 

From  the  foregoing  data,  therefore,  I  am  enabled  to  correct  the 
error  into  which  I  fell  in  my  first  Report,  1869,  of  making  the  top 
coal,  in  the  Terre  Haute  bore,  coal  X,  and  now  place  it,  at  least, 
as  low  down  as  coal  L 

Though  from  the  records  of  these  bores  it  is  difficult  to  point 
out  the  base  of  the  coal  measures,  or  that  of  the  "  Millstone  "  grit, 
with  any  degree  of  accuracy,  it  is,  nevertheless,  my  opinion,  that 
the  latter  epoch  commenced  at  about  the  depth  of  500  feet. 

This  thinning  out  of  the  coal-seams,  as  we  go  west  toward  the 
centre  of  the  basin,  is  a  remarkable  feature,  first  pointed  out  by 
myself  in  1867. 

A  few  miles  west  of  the  Indiana  line,  in  Clark  County,  Illinois, 
bores  have  been  made,  in  searching  for  petroleum,  to  the  depth  of 
800  feet  without  passing  a  single  workable  seam  of  coal ;  and  the 
two  or  three  thin  seams,  reported  in  some  of  these  bores,  are  in  the 
upper  part  of  the  measures. 

Judged  by  the  dip  of  the  coal  on  both  sides  of  the  river,  the 
Wabash  runs  on  a  slight  anticlinal  axis ;  and  I  believe  this  to  be 
the  case  from  Attica,  in  Fountain  County,  to  its  mouth  in  Posey 
County,  and  that,  along  its  course,  it  cuts  through  the  same  strata 
of  rocks  from  the  blufis  at  Merom  to  its  confluence  with  the  Ohio 
River. 

Near  the  eastern  boundary  of  the  zone  of  caking  coals,  in  Indi- 
ana, we  find  -ff'and  X,  and  sometimes  Ny  of  good  workable  thick- 
ness, averaging  from  four  to  eight  feet;  and  at  one  locality  in  Pike 
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County,  there  is  a  bed,  not  yet  studied,  but  thought  to  be  ITy  that 
attains  to  the  thickness  of  ten  feet  or  more. 

Taken  all  together,  the  maximum  thickness  of  these  beds  may 
be  estimated  at  twenty  feet,  and  will  yield  an  average,  over  the 
greater  part  of  the  district,  of  ten  feet  of  coal.  At  some  localities 
the  caking  coal  is  of  inferior  quality,  and  largely  contaminated  with 
pyrites,  which  is  so  generally  disseminated  through  the  seam  that 
it  is  impracticable,  in  mining,  to  entirely  separate  it  from  the  coal. 
In  many  of  the  counties,  however,  within  this  zone,  the  caking 
coals  will  compare  very  favorably  with  the  caking  coals  of  the 
Pittsburg  district. 

Coal  X,  at  Washington  in  Daviess  County,  is  a  bright,  rich-look- 
ing coal,  very  free  from  sulphur ;  is  extensively  mined,  and  meets 
with  a  ready  market  at  St.  Louis,  and  all  the  towns  along  the 
O.  &  M.  Railroad.  I  am  informed  that  this  coal  is  used  by  the 
gas  companies  of  St.  Louis  and  Yincennes,  and  that,  both  as  to 
yield  and  illuminating  quality  of  the  gas  produced,  it  holds  an 
average  rank  with  the  gas  coals  that  have  been  tried  at  these 
places. 

The  specific  gravity  of  this  coal  is  1.294 ;  a  cubic  foot  weighs 
80.87  pounds,  and  by  analysis  it  yields :  fixed  carbon,  60.00 ;  ash, 
4.50;  volatile  matter,  35.50.  The  coke  is  bright,  porous,  and 
slightly  laminated. 

The  percentage  of  coke,  in  the  caking  coals  of  Indiana,  ranges 
from  52.00  to  64.50,  and  the  ash  from  0.50  to  7.00  per  cent. 

In  Perry,  Spencer,  Warrick,  Vanderburg,  Gibson,  Pike,  Paviess, 
Sullivan,  Greene,  Clay,  Vigo,  Parke,  Vermillion,  and  Fountain 
Counties,  there  are  seams  of  rich-looking  and  pure  caking  coal, 
which  have,  for  the  most  part,  been  but  recently  developed  by  the 
survey ;  and  I  feel  assured  in  saying  that  they  will  prove  to  be 
good  gas  coals  when  subjected  to  a  practical  test  on  a  large  scale. 

The  chemical  analysis  of  a  coal  is  not  always  a  safe  guide  for 
determining  its  value  for  gas  purposes. 

From  her  geographical  position,  and  more  especially  on  account 
of  the  extent  and  value  of  her  coal-beds,  and  the  peculiar  adapta- 
tion of  this  coal  to  the  metallurgy  of  iron  and  steel,  which  now 
forms  one  of  the  leading  industries  of  the  world,  we  can  safely  pre- 
dict for  Indiana  a  bright  future  as  a  manufacturing  State.  The 
commerce  of  the  new  far  west^  which  is  increasing  with  a  rapidity 
unprecedented  in  the  growth  of  empires,  will  just  as  naturally  look 
to  Indiana  for  its  supply  of  iron  and  steel,  with  which  to  keep  up 
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the  system  of  railroads  traversing  the  great  plains  to  the  Pacific 
Ocean,  as  the  old  west  formerly  looked  to  Pennsylvania. 

In  Indiana  we  find  the  last  great  belt  of  timber  suited  for  mann- 
&cturing  purposes ;  and  after  crossing  her  border,  thence  to  the 
Pacific  Ocean,  no  coal  has  yet  been  found  that  can  successfully 
be  used  in  the  manu&cture  of  iron. 


3.  Remarks  on  the  Geology  op  the  Mississippi  Bottom.    By 
Eugene  A.  Smith,  of  Tuscaloosa,  Alabama. 

It  has  generally  been  assumed  that  the  formation  underlying 
the  Mississippi  bottom  was  exclusively  of  alluvial  character  (see 
Lyell's  "Principles  of  Geology,"  tenth  edit.,  ch.  xix.,  vol.  i.). 

On  the  other  hand,  it  has  been  suggested  by  General  Humphreys 
("  Report  on  the  Mississippi  River,"  p.  99)  "  that  the  river  is  flow- 
ing through  it  (the  delta  region)  in  a  channel  belonging  to  a 
geological  epoch  antecedent  to  the  present.**  On  p.  84 :  "  From 
McNutt  to  Sunflower  River,  underlying  the  vegetable  mould  and 
alluvion,  is  a  stratum  of  dark,  heavy  clay,  which,  when  exposed, 
is  called  '  buckshot '  land  by  the  settlers,  from  its  fancied  resem- 
blance to  leaden  balls  when  it  has  been  baked  and  cracked  by  the 
sun.** 

Dr.  Hilgard  remarks  (**  American  Journal  of  Science,**  January, 
1869):  "The  stump  stratum  No.  1  (Port  Hudson  profile),  however, 
as  appears  from  numerous  data  collected  by  myself,  or  contained 
in  Humphreys  and  Abbot*s  Report,  exists  at  about  the  same  level 
(f  .6.,  near  that  of  tide-water) ;  not  gnly  over  all  the  so-called  delta 
plain  of  the  Mississippi,  but  also  higher  up,  perhaps  as  far  as 
Memphis.** 

Observations  made  by  myself  in  the  Yazoo  bottom,  during  the 
last  year,  lead  to  the  conclusion  that  the  true  river  deposits,  of  any 
considerable  thickness,  are  mostly  confined  to  narrow  strips  of 
land,  lying  on  both  sides  of  the  Mississippi,  and  of  the  bayous  and 
creeks, — that  form  a  network  of  streams  throughout  the  bottom, — 
and  to  ancient  channels  since  filled  up ;  while  a  large  proportion 
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of  the  superficial  area  of  the  bottom,  including  some  of  the  most 
fertile  lands,  is  derived  from  the  clays  of  older  formations  into 
which  the  beds  of  these  streams  have  been  excavated. 

The  high,  or  ^  front-land,^'  on  the  immediate  banks  of  the 
streams,  is  at  present  rarely  overflowed.  It  is  usually  a  sandy 
loam  of  various  colors,  and  of  various  degrees  of  fertility.  It 
supports  a  growth  of  sweet-gum,  honey-locust,  swamp-chestnut, 
oak,  water-oak,  dogwood,  hackberry,  pecan,  and  cane.  The  growth 
varies  with  the  locality  and  character  of  the  loam,  as  may  better 
be  seen  below  in  the  remarks  preceding  the  analyses. 

These  high  lands  seem  to  represent  the  true  river  alluvium. 

From  the  "front-land"  there  is  a  gradual  slope  down  towards 
the  swamp.  The  soil  undergoes  a  transition  from  the  sandy  loam 
into  the  tenacious  clays  of  the  middle  or  "  back-land."  The  latter  is 
often  overflowed  during  the  wet  season ;  and  it  supports  a  growth 
of  sweet-gum,  over-cup-oak,  willow,  and  water-oak,  hackberry, 
pecan,  and  cane. 

The  clays  of  the  "back-land"  doubtless  belong,  for  the  greater 
part,  to  the  Port  Hudson  age,  as  is  indicated  by  the  abundance  of 
ferruginous  and  calcareous  concretions  found  in  them,  unlike  any 
found  in  the  true  river  alluvium,  as  well  as  by  the  great  thickness 
of  continuous  clay  deposits. 

These  clays  are  generally  of  a  dark  gray  color,  sometimes  nearly 
black ;  again,  light  gray,  traversed  by  cracks,  and  full  of  streaks 
and  dots  of  ferruginous  matter. 

They  are  very  sticky  and  tenacious,  and,  when  exposed  in  large 
masses  to  the  atmosphere,  become  covered  on  the  surface  with  a 
dull  red  coating  of  hydrated  ferric  oxide.  When  broken  up  by 
the  plough  or  spade,  they  crumble  on  drying  into  small  angular 
lumps,  of  the  size  of  a  buckshot  and  under,  giving  lise  to  what  is 
known  throughout  the  bottom  as  "  buckshot  soil." 

Although  these  clays,  as  shown  by  analysis,  are  generally  very 
rich  in  lime,  yet  calcareous  concretions,  so  characteristic  of  the 
Port  Hudson  strata,  are  not  always  to  be  found  in  them. 

Thus,  I  have  not  observed  them  further  south  than  the  latitude 
of  Yazoo  City.  North  of  that  point,  however,  they  are  of  constant 
occurrence. 

The  uniformity  of  level  in  the  bottom  may  very  well  account 
for  the  failure  to  observe  these  concretions,  for  any  thing  like  a 
fair  profile  is  very  rarely  seen.  The  banks  of  the  creeks  and  bayous 
are  usually  of  such  a  gentle  slope,  and  so  covered  with  detritus  in 
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their  lower  parts,  that  little  of  interest  can  be  observed  without 
much  digging. 

As  we  go  from  the  "back-land  "  to  the  cypress  swamp,  there  is 
frequently  very  little  change  in  the  nature  of  the  clay ;  and  it  is 
difficult,  if  not  impossible,  to  distinguish  between  the  "  buckshot " 
clay  of  the  older  formation  and  that  of  the  recent  swamp,  except 
where  the  calcareous  concretions  above  mentioned  come  to  our 
aid.  The  clays  of  both  formations  are  usually  dark  gray,  trav- 
ersed with  cracks,  and  .full  of  ferruginous  matter ;  both  crumble 
into  ^buckshot;"  both  support  a  similar  vegetation,  except  where 
the  presence  of  more  or  less  standing  water  affects  it. 

As  the  swamp  is  under  water  for  a  large  part  of  each  year, 
there  is  one  alternation  in  its  deposits  between  clay,  leaves,  and 
sand. 

One  of  the  most  characteristic  sections  of  Port  Hudson  strata, 
observed,  is  on  the  bank  of  Tchula  Lake,  at  the  head  of  Honey 
Island.  The  three  uppermost  strata  represent  the  alluvium, 
while  those  below  are  of  the  tru6  Port  Hudson  character. 

On  the  banks  of  the  Yazoo  River,  not  far  from  where  the  above 
section  was  taken,  the  succession  of  the  strata  was  essentially  the 
same ;  but  the  "  buckshot "  clays,  corresponding  with  Nos.  4  and  6 
supra,  were  entirely  full  of  calcareous  concretions,  while  the  ferru- 
ginous concretions  occurred  at  a  lower  level,  nearly  down  to  the 
water^s  edge,  as  is  the  case  at  Port  Hudson. 

On  Lake  Beulah,  in  Bolivar  County,  the  same  strata  appear ;  the 
clays,  Nos.  4  and  6,  being  full  of  calcareous  concretions.  On  Pan- 
ther Creek,  above  Yazoo  City,  and  on  a  small  bayou  which  empties 
into  the  river  at  the  city,  the  same  facts  may  be  observed. 

Of  the  stump  stratum.  No.  1  of  Dr.  Hilgard's  profile,  I  have 
not  seen  any  outcrop  on  the  banks  of  bayous,  &c.,  on  account  of 
the  difficulties  mentioned  above.  Logs,  however,  have  frequently 
been  struck  in  digging  wells;  though  the  introduction  of  tube  or 
driven  wells  has  very  much  impaired  this  source  of  information 
regarding  the  strata  in  the  bottom.  ^ 

For  instance,  on  General  Wade  Hampton's  Walnut  Grove 
Plantation,  near  Lake  Washington,  at  a  depth  of  about  thirty  feet 
in  the  blue  clay  which  underlies  the  dark  gray  "  buckshot "  clay,  a 
fragment  of  wood  was  found. 

On  the  same  plantation,  while  driving  a  tube  for  the  purpose  of 
obtaining  water,  a  stream  of  inflammable  gas  was  observed  to 
issue  from  the  tube.    At  the  time  of  my  visit  there,  the  gas  had 
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Section  of  Alluyium  xkd  Port  Hudson   Strata.,  Bank   of    Tcbitea 
Lake,  at  the  Head  of  Honet  Island. 


Faet 

8 

Top  sandy  day  with  yellowish  dots,  similar  to  No.  8 
of  the  soils  mentioned  helow. 

Ho. 

9 

i 
I- 

< 

4 

Grayish,  mottled,  massy,  "joint"  cky,  with  ferrugin- 
ous coloring  matter  in  spots. 

8 

4 

Lighter    colored   and  sandier  stratum,  with   yellow 
ferruginous  streaks. 

7 

r 

6 

Dark  gray  stiff  clay,  with  ferruginous  streaks,  crumb- 
ling on  exposed  surface  to  "  buckshot." 

6 

, 

Inch. 
4 

Gray   sand,  tinged  yellow,  in  places,  with  hydrated 
oxide  of  iron. 

5 

2 

Dark  gray  stiff  day,  like  No.  6. 

4 

Pk 

2 

Gray  sand,  slightly  tinged  with  iron  above,  but  fUll  of 
ferruginous    concretions    (tubes  and  plates)  in  its 
lower  parts. 

8 

2i 

Ledge  of  blue  clay,  with  ferruginous  concretions  inter- 
stratified  with  streaks  of  bluish  sand,  the  stratifica- 
tion lines  being  strongly  ferruginous.         Exposed 
surface  covered  with  white  efflorescence. 

2 

Talus  to  water's  edge ;  numerous  little  springs  which 
make  a  copious  deposit  of  hydrated  ferric  oxide  issue 
fh)m  this  stratum. 

1 
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been  barning  nninterraptedly  for  three  months.    It  escapes  with 
considerable  force,  and  might  easily  be  utilized  on  the  plantation. 
The  composition  of  this  gas  is  as  follows:  — 

CH4  =  74.80 
N  =  19.00 
H  »  8.20 
CO.  =    8.60 


100.00 


The  small  percentage  of  carbonic  acid  found  in  this  gas  shows 
that  it  does  not  originate  from  vegetable  matter  in  its  first  stages 
of  decomposition,  agreeing  in  this  respect  with  the  gas  obtained 
from  similar  wells  in  New  Orleans,*  and  differing  from  the  gas  of 
recent  marshes,  which  contains  from  8  to  10  per  cent. 

Below  the  stratum  of  blue  clay,  in  which  sticks,  logs,  Sso^  are 
found,  there  is  a  stratum  of  pebbles  and  sand,  of  the  Orange  Sand 
formation.    This  pebble  bed  is  very  often  reached  in  digging  wells. 

The  depth  varies  very  greatly :  thus,  at  the  mouth  of  a  small 
bayou,  which  empties  into  Lake  Washington  on  the  west  side, 
there  is  a  bed  of  pebbles  at  low-water  mark,  as  is  also  the  case  at 
Profiit^s  Island,t  near  Port  Hudson ;  while  in  some  wells  it  is  not 
reached  at  a  depth  of  120  feet. 

Water. 

Throughout  the  bottom,  water  is  obtained  either  from  shallow 
dug  wells,  fifteen  to  thirty  feet  deep,  or  by  means  of  iron  tubes 
driven  into  the  ground,  as  deep,  sometimes,  as  100  feet  or  more. 

The  water  always  rises  in  the  tubes  to  within  thirty  feet  of  the 
surface  of  the  ground ;  in  most  cases  to  a  level  higher  than  that  of 
the  river  and  streams  in  the  neighborhood ;  and  in  one  instance, 
known  to  me,  of  a  well  on  Indian  Bayou,  the  water  stood  perma- 
nently in  the  tube  two  feet  above  the  surface. 

Generally  the  water  is  of  a  decidedly  mineral  character,  espe- 
cially in  the  veiy  deep  wells.  When  the  tubes  have  been  driven 
no  deeper  than  twenty-five  or  thirty  feet,  the  water  is  frequently 
as  free  from  a  mineral  taste  as  the  river  water,  though  always  hard. 

I  have  made  numerous  analyses  of  the  water  from  these  driven 
wells,  from  various  localities  from  Lower  Deer  Creek  to  the  lati- 

*  Amer.  Joum.  Sci.,  April,  1871. 
t  Amer.  Joum.  Sd. 
A.A.  A.S.   VOL.   XX.  83 
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tnde  of  Friar's  Point,  in  Coahoma  County,  and  the  composition 
appears  to  be  nearly  the  same  in  alL 

The  following  is  an  analysis  of  the  water  from  Governor  Alcorn's 
place,  near  Jonestown,  Coahoma  County.  The  well  is  119  feet 
deep.  The  water,  when  first  drawn,  is  clear  and  sparkling;  but 
soon  becomes  turbid,  and  deposits  a  ferruginous  film  upon  aU 
vessels  in  which  it  stands  for  any  length  of  time. 


FeO.CO.      ) r    4.877 

CuO.  CO9     r    DiMolved  in  Tree  )  19.67^ 

MgO.  COs     (       Carbonic  Acid  .  )  17.672 

SiOj    .    .     ) (  17.482 

CaO.  SO. 0.610 

Naa 1.746 

HO^JSCO,  ........  12.852 

nSl^COa 9.969 

CaO,  united  with  Organic  Acid    .  14.665 

MgO  „  „         „       .  560 

100.006 


Soils. 

The  soils  of  the  Yazoo  Bottom  may  be  arranged  into  five  classes, 
which  differ  materially  from  each  other  in  fertility,  as  well  as  in 
general  physical  properties :  the  differences  in  their  chemical  com- 
position are  very  striking,  as  may  be  seen  by  reference  to  the 
table. 

First.  A  light-colored  sandy  clay,  of  close  texture,  with  a  few 
yellow  spots.  The  growth  upon  this  soil  is  swamp-chestnut  oak, 
chiefly;. with  sweet-gum,  ash,  maple,  willow  oak,  and  an  under- 
growth of  cane. 

This  soil  forms  the  "  white  lands,"  which  are  not  considered  very 
fertile.  It  occurs  on  Silver  Creek,  east  of  Sunflower  River,  and 
on  Indian  Bayou,  west  of  the  same ;  and  is  common  in  the 
vicinity  of  the  Sunflower  on  both  sides,  and  forms  most  of  the 
cultivated  lands  on  the  banks  of  the  bayous  that  have  their  courses 
at  right  angles  to  the  Sunflower. 
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I.    InDiAK  BA.TOU  Front-ulnd  Soil,  Sunflowbb  Couktt. 

Insoluble  Bfatter 87.888 

SiUca,  soluble  in  NaO.  CO,  .    .    .         4.086 

Potash .226 

Soda 116 

Lime 168 

Magnesia .266 

Brown  Oxide  Manganese ....  .048 

Peroxide  of  Iron 1.848 

Alumina ;    *    *         ^-^^ 

Phosphoric  Acid.    ......  .162 

Sulphuric  Acid .042 

Volatile  Matter 8.018 

100.868 


Second.  A  dark  gray  sandy  loam,  forming  the  ^  front-land  "  of 
many  of  the  creeks  and  bayous.  It  is  fertile,  and  easily  cultivated. 
The  growth  is  honey-locust,  hackberry,  and  sweet-gum;  and, 
where  entirely  above  overflow,  dogwood  is  a  very  common  tree. 
I  may  add,  however,  that  the  dogwood  ridges  are  inferior  in 
fertility  to  others,  where  the  soil  is  a  similar  dark  gray  sandy 
loam. 

II.  DoowooD  RiDOB  Soil,  J.  L.  Alcorn's  Plantation,  Coahoma  Countt. 

Insoluble  Matter  .......      88.886 

Silica,  soluble  in  NaO.  COa    .    .    •       7.022 

Potash 892 

Soda 086 

Lime 269 

Magnesia 596 

Brown  Oxide  of  Manganese  .    .    .         .066 

Peroxide  of  Iron 2.691 

Alumina 8.598 

Phosphoric  Acid 142 

Sulphuric  Acid 010 

VolatUe  Matter 2.007 

100.770 

Third.    A  light  gray  sandy  loam,  with  yellowish  and  orange 
streaks.    The  loam  is  sometimes  of  a  light  yellow  color. 
This  forms  the  immediate  banks  of  the  Sunflower  River,  Tchula 
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Lake,  and  is  a  soil  of  frequent  occurrence.    It  supports  a  growth 
of  sweet-gum,  maple,  willow-oak,  elm,  and  hackbeny. 

IIL    SuNFLOwxB  BiYEB,  Fbomt-lakd  Soil,  Issaquxha  Couhtt. 

Insoluble  Matter 71.164 

Silica,  soluble  in  NaO.  CO^   .    .    .      18.606 

Potash .401 

Soda .191 

Lime 406 

Magnesia 696 

Brown  Oxide  Manganese  ....  .011 

Peroxide  of  Iron 8.845 

Alumina 6.889 

Phosphoric  Acid 165 

Sulphuric  Acid 016 

YolaUle  Matter 2.748 

100.088 


Fourth.  A  light  gray  clay,  traversed  by  cracks,  and  crumb- 
ling, where  exposed  to  the  weather,  into  fragments,  —  ^'buck- 
shot." 

This  clay  differs  in  color  and  fertility,  from  the  dark  gray 
^buckshot"  clay,  which  has  made  Deer  Creek  so  celebrated. 
The  growth  is  the  same  as  that  of  No.  II. ;  locality  also  the 
same. 

lY.  >  Light  Gbat  "  Buckshot  "  Clat,  J.  L.  Alcorn's,  Coahoma  Courtt. 

Insoluble  Matter 75.618 

Silica,  soluble  in  NaO.  COt    .    .    .      10.896 

Potash 606 

Soda 146 

Lime 886 

Magnesia     . .072 

Brown  Oxide  Manganese  ....  .188 

Peroxide  of  Iron  , 2.804 

Alumina 4.457 

Pliosphoric  Acid 278 

Sulphuric  Add 007 

Volatile  Matter 4.401 

100.598 

Fifth.  A  Stiff,  dark  gray  day,  sometimes  nearly  black,  traversed 
in  all  directions  by  cracks,  and  full  of  streaks  and  dots  of  ferra- 
ginons  matter.    This  is  the  *< buckshot"  clay,  par  exceUence^  and 
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fonns  the  most  fertile  soil  in  the  bottom.  This  and  the  preceding 
are  Port  Hudson  clays,  and  form  the  ''  back-lands  ^  and  surface  soil 
of  most  of  the  swamps  lying  between  the  water-courses.  They 
are  for  the  most  part  subject  to  annual  overflow,  though  there  is 
usually  a  strip  one-half  to  three-fourths  of  a  mile  wide  on  the 
banks  of  the  streams,  under  cultivation.  The  growth  is  sweet- 
gum,  overcup-oak,  willow-oak,  and  water-oak,  hackberry,  pecan ; 
near  the  banks  of  the  streams,  an  undergrowth  of  cane,  but  in 
the  low,  swampy  back-lands,  no  cane,  but  regular  cypress 
glades. 

y.   Dxxs  Crbxk  "Buckshot"  Soil,  Yiboiv,  Habdbb  Placb, 
Ibsaqubna.  Coubtt. 

Insoluble  Matter \    .      51.068 

Silica,  soluble  in  NaO.  COs    .    .    .      20.707 

Potash 1.104 

Soda 826 

Lime 1.849 

Magnesia 1.665 

Brown  Oxide  Manganese   ....  .119 

Peroxide  of  Iron 5  818 

Alumina 10.589 

Phosphoric  Add 804 

Sulphuric  Acid 024 

Volatile  Matter 7.869 

100.888 

Tbe  close  correspondence,  between  the  results  of  chemical  analy- 
sis and  of  the  experience  of  farmers,  would  seem  to  indicate  that 
the  chemical  analysis  of  soils  is  not  without  its  value  as  an  index 
of  their  fertility ;  though  some  high  authorities  are  arranged  on 
the  opposite  side  of  the  question. 

A  series  of  analyses,  some  200  in  number,  made  at  the  University 
of  Mississippi,  of  soils  from  different  parts  of  the  State,  shows  a 
similar  close  correspondence. 
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4.  Remarks  on  thb  Geological  Map  and  Section  of  the 
Rocks  of   Missouri.    By  6.   C.   Swallow,  of  Colombia, 
.    Missouri. 

(Abstract.) 

It  was  his  object  to  pat  on  record  some  of  the  general  results  of 
the  Greological 'Survey  of  Missouri  made  by  himself  and  his  able 
assistants  (one  of  whom,  Dr.  B.  F.  Shumard,  is  now  dead).  Since 
the  interruption  of  the  survey  by  the  late  civil  war,  there  has  been 
no  opportunity  offered  for  the  publication  of  the  results. 

The  survey  was  most  minute  and  carefully  made,  and  the  results 
the  same  as  represented  by  the  section  and  map  before  us.  The 
boundaries  of  the  formation,  save  in  eight  or  thirteen  counties,  are 
accurate ;  and  all  the  formations  are  as  delineated  by  the  section 
running  through  all  the  great  systems  known  to  American  geology. 

Some  of  the  results  in  Economical  Geology  were  mentioned. 

There  are  twenty-seven  thousand  square  miles  of  coal  measures, 
containing  at  least  twenty  coal-beds,  one  at  least  of  the  block  coal. 
Large  deposits  of  specular,  hiematite,  bay,  and  spathic  ores  were 
mentioned.  The  mineral  regions  containing  mines  of  lead,  zinc, 
cobalt,  nickel,  and  copper,  cover  an  area  of  about  eight  thousand 
square  miles ;  all  but  two  hundred  square  miles  in  the  magnesian 
limestone  series  (of  the  Potsdam  and  calciferous  ages)  and  two 
hundred  square  miles  at  Granly,  in  the  lower  carboniferous  rocks. 
Lead  and  zinc  often  cut  the  coal-beds  in  their  vertical  veins. 

The  Potsdam  sandstone  rests  non-conformably  upon  the  azoic 
stratified  slates  of  Pilot  Enob.    Hence  Pilot  Enob. 


5.  On  Eozoon  Canadensb  in  the  Crystalline  Limestonss 
OF  Massachusetts.  By  L.  S.  Burbank,  of  Lowell,  Massa- 
chusetts. 

The  limestone  deposits,  here  referred  to,  occur  in  the  band  of 
granitic  gneiss  which  extends  in  a  south-westerly  direftion  from 
near  the  mouth  of  the  Merrimack  River  through  Uie  entire  breadth 
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of  the  State,  and  includes  the  well  known  mineral  localities  of 
Bolton,  Boxboro%  and  Chelmsford. 

Soon  after  the  discovery  of  Sozoon  Canadense  by  Mr.  Bicknell, 
in  the  serpentine  limestone  of  Newbury,  it  was  also  identified  by 
Dr.  Dawson  in  specimens  collected  by  me  at  Chelmsford;  as  noticed 
by  Dr.  Hunt  in  the  "American  Journal  of  Science  **  for  January, 
1870.  The  specimens  then  examined  were  not  irom  the  rock  in 
place,  but  were  obtained  from  some  outlying  masses  near  one  of 
the  quarries.  These  discoveries  led  me  to  make  a  further  exami- 
nation of  several  of  the  old  limestone  quarries  in  the  same  forma- 
tion. The  eozodnal  rock  was  then  found  in  place  at  several  of 
the  quarries,  and  its  position  in  relation  to  the  other  rocks  ob- 
served. 

At  all  the  quarries  the  limestone  has  been  so  thoroughly  ex- 
hausted, that  the  limits  of  its  extent  at  the  surface  can  be  readily 
traced.  The  relations  of  the  limestone  to  the  enclosing  rocks  can 
thus  be  easily  seen. 

By  the  careful  study  of  these  relations,  and  by  reference  to  many 
specimens  collected  and  &cts  observed,  the  following  conclusions 
have  been  reached :  — 

1.  These  limestones  are  not  true  stratified  rocks  laid  down  with 
the  gneiss^  hut  are  subsequerU  deposits  of  a  vein4ike  character.  The 
£tct  that  some  of  the  deposits  appear  to  be  interstratified  with  the 
gneiss,  and  also  are  found  along  a  line  apparently  coinciding  with 
the  strike  of  the  strata,  may  seem  to  indicate  that  they  are  parts 
of  original  strata  included  in  the  gneiss ;  but  their  position  may 
also  be  explained  in  accordance  with  another  theory,  in  support  of 
which  I  shall  offer  some  evidence. 

2.  The  principal  deposits  occur  along  the  line  of  an  anticlinalj 
filling  cavities  produced  by  the  folding  and  the  faUing  down  of 
portions  of  the  included  strata  of  the  gneiss.  The  anticlinal  posi- 
tion is  most  clearly  shown  at  Chelmsford,  where  there  are  four 
veins  or  masses  of  the  limestone,  in  two  lines  coinciding  with  the 
strike  of  the  gneiss. 

These  lines  are  about  half  a  mile  apart,  extending  in  a  north-east 
and  south-west  direction ;  the  strike,  as  observed  by  the  compass, 
being  north  65^  east.  The  strata  of  the  gneiss  ^p  in  opposite 
directions  from  these  lines ;  toward  the  north-west  at  an  angle  of 
aBout  65^,  to  the  south-east  at  an  angle  varying  from  about  70^  to 
a  nearly  vertical  position. 

The  deposits  are  all  of  very  limited  extent,  the  largest  being  at 
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the  snrface  not  more  than  two  bnndred  and  twenty  feet  in  length, 
and  about  sixty  feet  in  width,  including  the  intervening  bands  of 
gneiss. 

The  aggregate  length  of  all  the  limestone  deposits  that  occur 
along  a  line  of  some  twenty-five  miles  in  length  is  probably  less 
than  one  thousand  feet. 

The  vein-like  character  of  the  limestone  is  most  plainly  shown  in 
one  of  the  abandoned  quairies  in  Chelmsford.  The  deposits  here 
occur  in  two  principal  veins  extending  in  the  direction  of  the  strike 
of  the  strata  to  about  two  hundred  feet  in  length.  The  structure 
here  plainly  shows  that  cavities  which  have  become  filled  with  the 
limestone  were  formed  by  the  folding  and  faulting  of  the  strata  of 
gneiss.  The  masses  of  limestone  are  separated  by  strata  of  gneiss 
which  are  also  folded  and  arched  over,  enclosing  cavities  filled  with 
the  limestone. 

At  one  of  the  quarries  it  can  be  seen  that  the  limestone  rested 
against  the  in*egularly  fractured  ends  of  strata  of  gneiss,  which  fill 
a  small  space  in  one  of  the  excavations,  completely  dividing  the 
limestone  into  two  masses. 

That  the  limestone  was  deposited  in  cavities  mostly  closed  at 
the  top,  which  have  since  been  uncovered  and  exposed  at  the  sur- 
face by  the  denuding  action  of  the  drift,  seems  to  me  a  reasonable 
deduction  from  the  facts  observed. 

It  is  worthy  of  note  that  the  gneiss  of  the  enclosing  walls  of 
the  cavities,  and  that  of  the  dividing  bands  and  the  projecting 
masses  nearly  enclosed  by  the  limestone,  —  is  all  of  the  same 
character  with  that  of  the  surrounding  strata  not  adjacent  to  the 
quarry. 

In  the  direction  of  the  strike  of  the  strata  also,  at  a  few  yards 
distance  from  the  quarries,  the  common  rock  of  the  region  is  found 
with  apparently  no  traces  of  calcareous  matter.  In  the  line  along 
which  most  of  the  quarries  occur,  there  are  intervals  of  several 
miles  where  no  traces  of  limestone  have  been  found,  though  the 
ledges  are  exposed  at  the  surfiice  in  numerous  places. 

The  central  and  principal  part  of  the  mass  which  filled  the  veins 
and  pockets  and  constituted  the  bulk  of  the  deposit,  was  a  coarsely 
cryataUine  mag^iesian  limestonej  /lomogeneotts  in  structure^  and 
showing  no  traces  of  stratification.  In  examining  numerous 
specimens  of  this  limestone  from  the  different  quarries,  I  have 
found  in  it  no  traces  of  the  eozoonal  structure. 

The  various  silicates  which  form  the  large  number  of  distinct 
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minerals  for  which  these  localities  are  noted,  occur  only  attached 
tOy  or  near,  the  enclosing  walls  of  the  cavities^  and  generally  in  bands 
or  layers,  though  sometimes  irregularly  distributed.  They  are 
found  generally  in  pretty  regular  succession.  A  network  of  inter- 
lacing crystals  of  actinolite,  with  smoky  quartz,  calcite,  and  phlog- 
opite,  maybe  seen  attached  to  the  walls;  and  passing  inward  there 
are  found  pyroxene,  scapolite,  apatite,  boltonite,  fine  fibrous  tremo- 
lite,  &c. ;  and  also  green  serpentine  in  irregular  bands  or  layers, 
traversed  by  narrow  seams  of  chrysotile ;  or  scattered  through  the 
rock  in  irregular  rounded  grains  and  masses,  with  intervening 
spaces  filled  with  calcite. 

In  these  portions  of  calcite  are  found  the.  radiating  and  branch- 
ing forms  that  have  been  identified  and  described  as  belonging  to 
the  structure  of  eozoon.  The  granules  of  serpentine  are  sometimes 
arranged  quite  regularly  in  concentric  lines,  but  more  commonly 
appear  irregularly  scattered  and  varying  indefinitely  in  form  and 
size. 

Some  of  the  specimens  from  Chelmsford  show  masses  of  the 
serpentine  intersected  by  narrow  seams  of  chrysotile,  and  attached 
to  portions  of  the  rock  in  which  the  decalcified  spaces  exhibit  the 
tubuli  in  great  abundance,  attached  to  the  serpentine  grains  as  if 
,  growing  ovJt  from  their  surfaces.  Some  of  the  grains  are  sur- 
rounded by  a  fibrous  layer,  closely  resembling  the  "  true  cell  wall " 
of  eozoon  as  I  have  seen  it  in  the  Canadian  specimens.  The  sur- 
fiices  of  many  of  the  grains  are  covered  with  acicular  crystals 
penetrating  the  calcite.  Some  of  these,  as  they  extend  into  the 
calcite,  become  rounded  and  curved,  losing  the  acicular  character. 

In  nearly  all  the  specimens  examined,  bundles  of  acicular  fibres, 
apparently  of  tremolite,  are  scattered  abundantly  in  the  calcite. 

In  some  portions  of  the  rock  the  serpentine  appears  embedded 
in  the  limestone  in  definite  crystalline  forms,  apparently  pseudo- 
morphs  of  chrysolite,  or  boltonite.  In  the  quarries  of  Boxboro' 
and  Carlisle,  cinnamon  garnet  is  abundant,  associated  with  scap- 
olite and  green  pyroxene  or  coccolite,  with  calcite.  I  have  ex- 
amined the  calcite  of  many  of  these  specimens  for  traces  of  the 
eozoonal  structure,  but,  so  far,  with  negative  results.  In  fact,  so 
far  as  I  have  observed,  the  tubuli  invariably  occur  in  the  rock 
associated  with  serpentine.  • 

Some  facts  have  been  stated  in  this  communication  for  which  I 
offer  np  theories  in  explanation.  I  do  not  claim  a  sufficient  knowl- 
edge of  the  foraminifera  to  found  any  argument  upon  the  miero- 
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scopic  appearances  that  I  have  observed,  nor  do  I  mean  now  to 
enter  into  a  discussion  of  the  general  question  as  to  the  true  char- 
acter of  the  JEhzoon  Canadenae,  as  described  by  Carpenter  and 
Dawson. 

I  am  unable,  however,  to  reconcile  the  facts  here  stated  with  the 
theory  that  the  forms  in  these  rocks,  which  have  been  identified  as 
belonging  to  the  structure  of  eozoon,  are  of  organic  origin. 

On  the  other  hand,  it  appears  to  me  not  unreasonable  to  infer 
that  the  so-called  ^  tubuli "  that  are  so  abundant  in  these  rocks, 
are  aemircrystaUine  forma  that  have  been  deposited  toith  the  serpen- 
tine and  other  minerals  on  the  waUs  of  the  cavities^  by  infiltration 
of  waters  charged  with  mineral  matters. 


6.  The  Pbecise  Geographical  Position  of  the  Large  Masses 
OP  Meteoric  Iron  in  North  Mexico,  with  the  Descrip- 
tion OF  A  New  Mass — the  San-6begobio  Meteorite. 
By  J.  Lawrence  Smith,  of  Louisville,  Kentucky. 

Some  of  the  remarkable  masses  of  meteoric  iron  in  northern 
Mexico  have  been  known  to  travellers  for  a  number  of  years ;  but 
no  very  precise  information  concerning  them  had  been  given  until 
the  year  1854,  when  the  first  mass,  brotight  from  that  locality,  was 
placed  at  my  disposal  by  Lieutenant  Gouch,  of  the  United  States 
army,  and  was  described  in  a  memoir  on  meteorites  published  in 
the  ^^  American  Journal  of  Science,"  April,  1854 ;  it  is  now  in  the 
Smithsonian  Museum,  and  weighs  252  pounds. 

On  the  return  of  Mr.  Bartlett,  of  the  Boundary  Commission,  I 
learned  of  two  other  masses  in  that  region,  and  Lieutenant  John 
G.  Parke,  of  the  United  States  army,  placed  a  fragment  of  one  of 
them  in  my  possession ;  the  firagment  of  the  other  mass  was  lost. 
I  figured  and  described  both  of  those  meteorites  in  the  memoir 
just  alluded  to;  the  first,  which  I  called  the  Tucson  MeteoriUy  is 
now  in  the  Smithsonian  Institution,  and  weighs,  I  believe,  several 
thousand  pounds ;  the  second  one  I  called  the  Chihuahua  irony  and 
it  is  still  at  the  Hacienda  de  Conception,  where  it  was  first  found. 
Still  later,  in  the  year  1868,  Dr.  H.  B.  Butcher  placed  under  my 
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examination  eight  masses  of  meteoric  iron  that  had  been  brought 
to  the  United  States  from  the  same  region  of  Mexico ;  these  I  ex- 
amined, and  published  a  full  account  of  in  the  "American  Journal 
of  Science."  These  masses  are  now  in  Philadelphia,  still  owned 
by  Dr.  Butcher,  and  vary  in  weight  from  about  300  pounds  to  800 
pounds.  Dr.  Butcher  having  returned  to  Mexico,  I  requested  him 
to  get  all  possible  information  in  regard  to  the  geographical  posi- 
tion of  these  bodies ;  this  he  has  succeeded  in  accomplishing.  At 
the  same  time  he  has  a  fragment  of  another  mass,  still  larger  than 
any  yet  known,  which  will  be  called  the  San-Oregorio  Meteoric 
Iron.    Its  description  is  as  follows :  — 

T?^  Satin  Oregorio  Meteorite.  —  This  immense  mass  of  meteoric 
iron  is  situated  on  the  western  border  of  the  Mexican  Desert,  a 

6  ft.  6  in. 


map  of  which  is  ^ven  on  the  next  page.  Some  idea  of  its  form 
may  be  had  in  the  accompanying  sketch. 

It  measures  six  feet  six  inches  in  its  greatest  length,  is  five  feet 
six  inches  high,  and  four  feet  thick  at  its  base ;  on  one  part  of  it« 
surface,  1821  is  cut  with  a  chisel^  and  above  this  date  is  the  follow- 
ing inscription :  "  Solo  dies  con  un  poder  este  fierro  deetruerd^  par 
que  en  el  mondo  no  hcUn'a  quien  lopuedo  deschacerJ^ 

It  lies  within  the  inclosure  of  a  hacienda,  having  been  hauled  to 
the  ranch  many  years  ago  by  the  Spaniards,  who  thought  that  it 
could  be  made  use  of  as  iron  for  farming  utensils.  It  is  said  to 
have  fiillen  quite  near  its  present  site,  and  from  its  huge  bulk  and 
weight,  which  is  calculated  to  be  about  five  tons,  it  could  not  have 
been  transported  very  far.    Nothing  more  is  known  of  its  history. 
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Small  specimens  were  detached  by  Dr.-  Butcher,  one  of  which  I 
have  examined.    I  find  it  to  be  of  the  softer  meteoric  irons,  with  a 
specific  gravity  of  7.84.    The  fragment  I  possess  is  too  small  for 
the  study  of  the  true  character  of  its  Widmannstatian  figures. 
On  analysis,  it  furnished  the  following  composition :  — 

Iron 96.01 

Nickel 4.22 

Cobalt 51 

Ck>pper minute  trace 

Photphonu 0.08 

This  San-Oregorio  iron  makes  the  fifth  that  has  come  under  my 
observation  and  examination  from  this  famous  Mexican  locality, 
the  geography  of  which  I  will  now  describe,  referring  to  the  accom^ 
panying  diagram  for  details. 


The  Bolson  de  Mapini  or  Mexican  Desert  occupies  the  western 
portion  of  the  province  of  Cohahuila,  and  the  eastern  portion  of  the 
province  of 'Chihuahua.  It  is  400  miles  .from  east  to  west,  and 
500  miles  from  north  to  south,  bounded  on  the  north  by  the  river 
Rio  Grande.  Some  of  the  villages  and  haciendas  are  specified  in 
the  diagram,  and  the  numbers  1,  2,  8,  &c.,  are  the  localities  of  the 
different  meteoric  masses  discovered. 

No.  1.  The  locality  of  the  CohahuUa  meteorite  described  by  me 
in  the  "  American  Journal  of  Science,"  April,  1854 ;  it  is  now  in 
the  Smithsonian  Institution. 


Digitized  by  VjOOQIC 


GSOLOOY  AJSTD  PAUBOKTOLOGT.  260 

No.  2.  The  locality  of  the  Cohahuila  meteorite  of  1868,  described 
by  me  in  the  "American  Journal  of  Science,^  April,  1870 ;  it  is 
now  in  the  possession  of  Dr.  Butcher. 

No.  3.'  The  locality  of  the  San-Oregorio  meteorite  just  de- 
scribed ;  it  is  still  in  the  place  where  it  was  first  observed. 

No.  4.  The  locality  of  the  mass  described  and  figured  in  my 
memoir  on  meteorites  (^American  Jounial  of  Science,''  April, 
1854),  and  called  the  Chihuahua  Meteorite;  it  is  still  in  place  at 
the  Hcbdenda  de  C(mcq}tionj  ten  miles  from  Zapata,  its  greatest 
height  being  forty-six  inches,  breadth  thirty-seven,  and  in  the  thick- 
est part  eight  feet  three  inches  in  circumference.  Signor  Urquida 
calculated  its  weight  to  be  about  four  thousand  pounds. 

No.  5.  The  locality  of  a  huge  meteorite  lately  discovered,  of 
"which  no  specimen  has  yet  been  detached,  and  which  is  said  to  be 
larger  than  any  one  yet  found  in  that  locality. 

No.  6.  The  locality  of  the  large  mass  described  and  figured  by 
me  in  1854  as  the  Tucson  irony  and  now  in  the  Smithsonian  Insti- 
tution at  Washington,  having  a  large  hole  in  the  centre,  and  some-' 
times  called  the  Signet  Meteorite^  also  the  Ainsa  Meteorite.  I  do 
not  know  its  exact  weight,  but  suppose  that  it  must  weigh  two  or 
three  thousand  pounds. 

The  question  naturally  arises.  What  can  be  the  cause  of  the  num- 
ber of  meteoric  masses  in  the  circumscribed  region,  and  whether 
each  one  represents  a  separate  fall  ?  My  study  of  them  leads  me 
to  the  belief  that  they  are  the  products  of  two  falls.  First  of  all, 
No.  6,  the  Signet  or  Ainsa  meteorite,  has  peculiar  physical  and 
chemical  characters  that  separate  it  entirely  firom  the  others.  Nos. 
1,  2,  and  3, 1  have  examined  chemically,  and  find  them  very  closely 
allied  in  composition,  also  in  physical  properties,  a#the  softness  of 
the  iron  and  freedom  from  rusty  crusts  over  the  exterior ;  in  fact 
the  pieces  I  have  examined  were  more  or  less  bright  on  the  exte- 
rior surface.  The  Widmannstfttien  figures  I  have  not  had  an  op- 
portunity to  compare,  since,  with  the  exception  of  No.  1, 1  have 
had  only  small  pieces  that  were  detached  from  the  surface  by  a 
cold  chisel,  which  are  unfit  for  the  study  of  these  figures.  Thus 
far  in  my  investigation,  there  appear  strong  reasons  for  supposing 
that  at  some  epoch,  probably  far  remote,  the  meteoric  masses  1,  2, 
3,  4^  and  5,  were  the  products  of  the  fall  of  one  meteoric  mass, 
moving  from  the  north-east  to  the  south-west,  the  smaller  masses 
falling  first  at  1  and  2,  and  the  larger  masses  farther  on.  The 
distances  of  these  bodies  firom  each  other  are:  firom  Nos.  1  to  2, 
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about  85  miles ;  from  2  to  5,  about  135  miles ;  from  5  to  3,  about 
165  miles ;  from  3  to  4^  about  90  miles.  Of  course  there  is  no  great 
stress  laid  upon  these  deductions,  but  it  would  not  be  surprising  if 
further  investigation  should  sustain  this  view. 

Since  my  first  publication  on  these  meteorites,  Burckhardt,  of 
Bonn,  has  made  some  observations  upon  them,  but  his  publications 
are  not  within  my  reach  at  the  present  time. 


7.  On  the  ''Eozoon"  Lihxstons  of  Eastern  Massachusetts. 
By  John  B.  Pbbby,  of  Cambridge,  Massachusetts. 

It  is  perhaps  fitting  for  me  to  present  a  short  paper  on  the 
^  Eozoon  "  limestone  of  Eastern  Massachusetts,  since  I  have  been 
long  engaged  in  the  study  of  the  Foliated  (or  Laurentian)  series 
of  rocks,  in  which  it  occurs ;  insomuch,  also,  as  I  discovered,  many 
years  ago,  what  seemed  to  me  indubitable  evidence  that  portions 
of  this  limestone  are  of  vein-like  origin ;  and  because  I  was  the 
first  to  suggest,  and  really  to  make  out,  that  some  of  the  lime- 
stones of  Eastern  Massachusetts  have  a  similar  vein  structure.  It 
likewise  properly  devolves  upon  me  to  say  something  at  this  time, 
since,  after  visiting  Chelmsford,  and  satisfying  myself  in  regard  to 
the  actual  character  of  the  calcareous  masses  containing  the  so- 
called  organic^iremains,  I  agreed  to  present  some  of  the  more  im- 
portant points  bearing  on  the  stratigraphy  of  the  rocks,  whenever 
my  fijend,  Mr.  Burbank,  of  Lowell,  should  be  ready  to  discuss  the 
existing  evidence,  and  especially  that  furnished  by  the  microscope, 
as  to  the  organic  character  of  the  enclosed  ^  Eozoon.'' 

As  geologists  have  generally  supposed  that  all  limestones  are 
stratified  rocks,  a  few  preliminary  words  may  be  requisite  on  this 
point.  They  are  more  especially  needful  at  the  present  time,  and 
in  connection  with  the  subject  under  consideration,  as  they  may 
serve  to  meet  an  objection  which  is  likely  to  occur  to  many  minds, 
—  particularly  such  as  hold  to  the  organic  or  ^  sedimentary  "  deri- 
vation of  all  limestones.  It  is  true  that  Dr.  Emmons,  as  is  well 
known,  endeavored  to  show  that  limestones  occur,  not  only  as 


Digitized  by  VjOOQIC 


6SOL06Y  AND  PALJBONTOLOOY.  271 

stratified  beds,  but  also  as  intrusive  masses ;  but  this  doctrine  was 
never  widely  received,  however  much  truth  may  have  lain  con- 
cealed at  its  foundation.  Beginning  my  study  of  the  limestones 
connected  with  the  Foliated  series  of  rocks,  in  the  light  of  this 
view,  I  finally  became  convinced  in  1861,  and  so  set  forth  in  a  course 
of  lectures  delivered  during  the  same  year,  that  some  of  these  lime- 
stones in  Vermont  and  New  York  have  a  vein-like  structure,  and 
should  be  regarded  as  true  vein-stones.  Having  entered  anew, 
some  four  or  five  years  ago,  upon  the  study  of  the  rocks  of  eastern 
Massachusetts,  I  at  once  became  convinced  that  limestones  in 
Stoneham,  Newberry,  and  some  other  townships  in  the  easterly 
portion  of  the  State,  are  also  vein-rocks. 

Such  limestones  are  to  be  met  with,  as  has  been  in  part  already 
implied,  in  association  with  the  Foliated  series  of  rooks,  both  in 
eastern  and  western  Vermont,  and  in  various  different  parts  of 
Massachusetts.  They  also  occur  among  the  Adirondacks  of  New 
York.  Limestones  of  this  character  —  hand  specimens  of  which 
can  be  scarcely,  if  they  can  be  at  all,  discriminated  from  given 
samples  of  stratified  Silurian  limestones  —  are  likewise  found  in 
Vermont,  New  Hampshire,  and  elsewhere,  in  the  form  of  dikes. 
In  most  of  these  cases,  close  examination  clearly  shows,  and  per- 
haps it  will  hereafter  as  clearly  evince  in  them  all,  that  the  dike- 
like masses  were  formed  in  a  vein-like  way,  by  gradual  deposition, 
extending  from  the  enclosing  walls  toward  the  centres  of  what  once 
were  cavities.  Similar  masses  of  calcareous  vein-stone  are  to  be 
met  with  in  St.  Lawrence  County,  New  York,  and  in  some  other 
localities,  penetrating  beds  of  sandstone.  Indeed,  were  there  time, 
it  would  not  be  difiSLcult  to  show  that  rocks  of  this  character  may 
be  found  m  association  with  formations  of  greatly  varying,  if  not 
of  almost  every  age. 

These  and  other  similar  cases,  which  might  be  readily  cited,  are 
suited  to  remove  the  objection  that  all  limestones  are  stratified 
rocks,  and  show  that  no  one  can  reasonably  look  for,  or  expect  to 
find,  organic  remains  in  any  such  masses.  Having  made  out  the 
points  just  advanced,  years  ago,  in  regard  to  some  of  the  so-called 
primitive,  or  saccharoidal  limestones,  I  have  been  sceptical  ever 
since  in  respect  to  the  supposed  organic  nature  of  the  "  Eozoon." 
Accordingly,  on  the  announcement,  in  August,  1869,  of  the  dis- 
covery of  this  strange  form  in  the  limestones  of  Newberry,  I  at 
once  discredited  its  assumed  organic  character, —  discredited  the 
assumption,  that  it  represents,  as  its  name  indicates,  the  dawn  of 
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amimal  life  on  the  globe,  —  on  the  ground,  among  other  reasons, 
of  its  occurrence  in  calcareous  masses  of  a  vein-like  origin.  Of 
course,  on  hearing,  a  few  weeks  later,  of  a  like  discovery  in 
Chelmsford,  and  seeing  a  specimen  of  the  rock  holding  the  sup- 
posed organic  forms,  I  was  prepared,  by  my  previous  experience, 
for  a  similar  conviction  in  respect  to  the  matter  involved  in  the 
new  announcement.  This  I  immediately  expressed,  in  one  of  the 
lectures  on  the  Foliated  rocks,  which  I  was  then  delivering  in 
course ;  and  I  was  fortunately  able  fully  to  confirm  my  impression, 
by  personal  examination,  on  going  to  the  quarry  several  months 
later  with  Mr.  Burbank,  who  had  previously,  and  has  since,  devoted 
himself,  with  commendable  assiduity  and  care,  to.  the  study  of  the 
rocks  of  these  older  formations. 

On  visiting  the  Chelmsford  quarries,  and  observing  what  had 
been  before  considered,  and  at  first  sight  might  be  readily  taken, 
as  evidence  of  stratification  in  the  limestone,  I  was  able,  because 
of  earlier  studies  in  this  direction,  at  once  to  detect  the  falsity  of 
the  inference  that  had  been  drawn,  and  to  indicate,  what  all  the 
evidence  thus  far  gathered  shows  to  be,  the  true  nature  of  the  mass 
in  question.  I  found,  and  have  since  substantiated  by  various  and 
careful  cross-examinations,  what  the  advocates  of  the  organic  struc- 
ture of  the  "Eozoon"  seem  never  to  have  suspected,  that  the  lime- 
stones under  consideration  are  not  to  be  regarded  as  stratified 
masses  at  all ;  that,  while  they  may  appear,  on  casual  inspection, 
to  be  laminated,  they  are  really  foliated,  and  the  appearance  of 
stratification  is  thus  to  be  accounted  for  in  another  way ;  and  that, 
being  unstratified,  they  are  not  either  almost  altogether,  as  has 
been  affirmed  of  many  such  rocks,  or  in  any  degree,  made  up  of 
organic  remains.  These  calcareous  deposits,  as  should  be  con- 
stantly borne  in  mind,  do  not  occur  in  an  uninterrupted  line,  or 
crop  out  in  ranges  at  all  uniformly  continuous,  as  is  usually  the 
case  with  sedimentary  beds.  They  are  isolated  masses,  generally 
of  greatly  varying  size,  —  though,  in  the  Chelmsford  series,  more 
uniformity  may  be  observed  in  this  particular, —  and,  as  ordinarily 
found  upon  the  surface,  they  almost  invariably  appear  only  at 
irregular  intervals. 

It  should  be  also  remarked,  that  the  limestones  at  Chelmsford, 
like  other  kindred  masses,  are  of  a  lenticular  shape.  They  occupy, 
or  rather  they  once  occupied  —  for  the  lime  rock  has  been  mostly 
rempved  for  economical  purposes — pockets,  irregular  and  uneven 
cavities,  or  in  most  cases  oven-shaped  spaces,  more  or  less  lenticn- 
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lar,  which  were  clearly  produced  by  the  disturbance  of  the  main 
formation.  This,  at  Chelmsford,  consists  almost  entirely  of  gneiss 
and  of  gneissoid  rocks.  The  cavities  containing  the  limestone 
were  once  plainly  overarched  by  the  accompanying  gneiss.  In 
places  the  gneiss  now  so  overarches  some  of  them,  and  it  beyond 
question  so  overarched  them  all  before  denudation  took  place,  as 
to  make  it  evidently  impossible  that  extraneous  fossils,  or  any 
other  solid  foreign  bodies,  could  have  been  carried  in,  and  deposited 
in  a  continuous  series,  beneath  the  summits,  and  all  along  the  sides, 
of  the  gneissic  arches. 

Again,  these  lenticular  masses  of  limestone  have  that  banded 
structure,  which  is  peculiar  to  one  class  of  veins.  They  are  foliated 
in  the  strict  sense  of  the  epithet,  there  being  a  series  of  leaves  or 
of  leaf-like  layers,  and  these  having  a  regular  sequence,  from  the 
walls  toward  the  centres  of  the  cavities.  And  to  this  succession 
peculiar  evidence  is  borne ;  for  there  is  associated  with  the  succes- 
sive bands  a  like  succession  of  different  minerals.  The  orderly 
occurrence  of  these  minerals  —  Mr.  Burbank,  I  believe,  was  the 
first  to  notice  their  presence  in  the  limestone,  on  a  previous  visit — 
is  a  striking  feature,  which  may  be  verified  by  any  visitor  who  is 
disposed  to  be  sufficiently  pains-taking  to  go  through  with  the 
task;  while  it  is  certainly  well  deserving  of  attention,  both  in 
itself  considered,  and  because  of  the  witness  it  beara  in  various 
directions.  Indeed,  the  foliated  structure  with  its  accompanying 
series  of  mineral  substances,  each  occurring  in  a  determinate  order, 
evinces  that  the  process  of  veinous  deposition  was  gradual,  and 
probably  long  continued ;  that  time  enough  must  have  elapsed  for 
one  set  of  ingredients  to  be  brought  in  and  deposited,  —  for  fresh 
supplies  containing  some  new  elements,  to  be  introduced  and  ex- 
hausted, —  for  these,  again,  to  be  ^superseded  or  at  least  supple- 
mented by  additional  and  somewhat  varying  materials,  themselves 
to  be  in  their  turn  fixed  upon  the  walls  in  leaf-like  layers ;  also 
that  one  of  these  layers  succeeded  another,  in  regular  gradation, 
froncL  the  sides  of  the  cavities  toward  the  centres,  until  all  the  in- 
terior spaces  were  finally  filled ;  and  that,  consequently,  the  appar- 
ent stratification  is  due,  not  to  aqueous  deposition  as  ordinarily 
understood,  but  to  the  vein  structure  of  the  calcareous  deposits. 

Once  moi-e,  it  should  be  remarked  that  limestone  veins,  and 
various  irregular  apertures  filled  with  carbonate  of  lime,  of  a 
smaller  size  than  the  main  cavities  already  noticed,  may  be  de- 
tected here  and  there  in  the  walls  of  the  adjoining  rock.    Indeed, 
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a  careful  inBpection  of  the  quarries  reyeals  the  occasional  presence 
of  calcareous  matter  in  what  were  perhaps  once  minute  clefts, 
cracks,  and  crannies  in  the  surrounding  gneiss ;  the  presence  of 
matter,  which  was  no  doubt  introduced  into  all  the  smaller  crev- 
ices, in  connection  with  the  deposition  of  the  principal  masses  of 
limestone,  but  long  after  the  formation  of  the  main  gneissio  rock. 
This  calcareous  material  which,  in  places,  may  be  now  seen  rami- 
fying, in  a  vein-like  way,  the  walls  that  form  the  chief  cavities,  was 
evidently  connected,  at  some  former  period,  with  the  larger  masses 
of  limestone.  Such  veins,  while  they  are  not  numerous,  or  likely 
to  be  noticed  without  careful  scrutiny,  are  of  great  interest  and 
very  significant. 

But  this  is  not.  all ;  there  is  other,  and  what  to  some  will  perhaps 
be  more  explicit,  testimony  to  the  former  prevalence  of  a  vein- 
forming  agency.  An  accurate  observer,  even  the  casual  visitor,  will 
hardly  overlook  the  marked  conformity  of  the  limerock  with  the 
gneiss,  —  a  conformity  which  suggests  that  the  former,  while  in  a 
plastic  state,  was  moulded  upon  the  latter.  Indeed,  after  careful 
inspection,  one  can  scarcely  fail  to  note  that,  generally,  the  calcare- 
ous bands  exactly  conform  with  the  most  abrupt  irregularities  and 
jagged  inequalities  in  the  surface  of  the  enclosing  walls,  and  by  no 
means  less  so  with  the  occasional  breaks  which  may  be  seen'in  them; 
that  the  deposit  was  everywhere  so  made,  in  consonance  with  the 
adjoining  rock  masses,  as  to  reveal  its  more  recent  origin,  in  con- 
nection perhaps  with  the  action  of  various  mechanical  and  chemical 
agencies ;  and  therefore  that,  instead  of  being  largely  made  up  of  the 
calcareous  remains  of  Rhizopods,  it  is  not  at  all  of  a  foraminiferous 
derivation,  but  took  its  place  in  a  vein-like  way,  —  the  materials 
having  been  probably,  either  forced  up  from  below  in  a  heated  state, 
or  introduced  from  above  in  the  form  of  an  aqueous  solution. 

In  confirmation  of  the  view  presented,  reference  ought  to  be 
made  to  the  limestones  holding  ">  Eozoon  "  in  other  localities,  and 
apparently  belonging  to  the  same  part  of  the  series  of  Foliated 
rocks,  as  well  as  to  what  seem  to  be  kindred  calcareous  masses 
subordinate  to  formations  of  a  very  different  character.  Did  time 
allow,  I  should  also  especially  like  to  refer  to  other  limestones  that 
are  probably  closely  akin,  but  perhaps  of  somewhat  varying  age, 
—  limestones,  which  I  have  repeatedly  examined,  in  their  several 
places  of  occurrence, — though  they  be  not  known  to  hold  **  Eozoon." 
Waiving  the  consideration  of  these  instances,  I  may,  in  a  word, 
simply  call  attention  to  some  of  the  calcareous  masses  in  Stone- 
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ham,  Massachusetts,  because  they  are  intensely  interesting,  as 
suited  both  to  reveal  the  processes  which  have  been  at  work  in 
their  own  formation,  and  to  suggest  what  has  taken  place  in 
kindred  rocks  not  so  easily.known ;  for  they  have  a  vein  structure, 
like  that  of  the  limestones  at  Chelmsford  and  Bolton.  This  struc- 
ture, which  seems  to  be  common  to  the  several  rocks  mentioned,  is 
doubtless  due  to  the  operation  of  the  same,  or  of  closely  allied 
causes.  Portions  of  these  calcareous  masses  I  have  found  penetrat- 
ing the  adjoining  Syenite  —  for  with  this  rock,  in  Stoneham,  they 
are  more  particularly  associated —  in  a  vein-like  way.  This  lime- 
stone also  conforms  exactly  with  the  most  ragged  and  broken  sur- 
faces, even  with  all  the  most  diverse  inequalities,  of  the  adjacent 
Syenitic  rocks.  In  short,  it  is  so  situated  in  relation  to  them,  as 
clearly  to  reveal  its  more  recent  origin. 

Such  are  a  few  of  the  more  important  points  characteristic  of  the 
calcareous  masses,  in  Eastern  Massachusetts,  which  are  known  to 
hold  "Eozoon," — points,  which  should  be  verified  by  an  actual 
examination  of  the  masses  in  question,  and  of  similar  rocks  so  far 
as  accessible,  and  as  they  occur  in  place.  Whether  all  the  lime- 
stones noticed  be  exactly  identical  in  origination,  in  structure,  and 
in  age,  or  not,  they  certainly  have  very  many  features  in  common, 
and  are  so  essentially  alike,  if  one  may  judge  from  their  appearance, 
as  to  serve  well  to  illustrate  each  other.  The  question  as  to  the 
mode  of  their  origin,  whether  it  were  by  infiltration,  segregation, 
or  sublimation,  I  leave  undiscussed  for  the  present, — proposing  to 
take  it  up  in  detail,  on  some  future  occasion.  Enough,  I  think,  has 
been  said  to  show  that  the  limestones  to  which  reference  has  been 
more  especially  made,  and  particularly  those  of  Chelmsford,  have 
truly  a  vein-like  structure,  and  are  really  vein-rocks. 

But  there  is  another  point,  of  no  small  importance,  to  be  briefly 
noticed.  It  is  a  fact,  which  no  one  can  successfully  gainsay  or 
deny,  that  genuine  "  Eozoon  "  —  "  Eozoon  "  which  has  been  recog- 
nized and  is  accredited  genuine  by  those  who  hold  to  the  organic 
nature  of  this  marvellous  foim,  and  as  advocating  it  are  supposed  to 
be  best  qualified  to  judge  of  its  character — actually  occurs  in 
great  profusion,  in  some  of  the  limestone  of  Chelmsford.  Of  this 
rock  Mr.  Burbank  has  now  on  exhibition  authentic  specimens,  in 
large  variety ;  specimens  collected  with  thoughtful  discrimination 
by  himself,  and  in  respect  to  the  genuineness  of  which  there  is  no 
doubt ;  specimens,  some  of  which  give  ^  good  view  of  the  structure, 
and  reveal  various  important  features,  characteristic  of  a  form  which 
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very  many  have  regarded  as  of  animal  origin ;  specimens,  in  sec- 
tions, carefully  prepared  for  the  microscope,  to  which  attention 
is  especially  inyited,  and  which  all  who  are  disposed  are  at  liberty 
to  examine  at  leisure. 

Thus  ah  important  problem  is  proposed,  a  problem  of  very  mani- 
fold bearings,  and  now  demanding  a  reasonable  solution ;  a  problem 
involying  difficulties  not  easily  explained,  suggesting  queries  not 
readily  answered,  and  imposing  a  task  not  likely  to  be  speedily 
achieved,  in  consistency  with  widely  received  views  of  this  strange 
fossil  form.  The  fact  that  genuine  ^  Eozoon  "  occurs  in  these  cal- 
careous masses,  under  the  conditions  which  have  been  just  passed  in 
review,  surely  brings  before  us  an  enigma  of  marvellous  import,  if 
all  that  has  been  said  of  it  be  true ;  the  enigma  of  the  occurrence 
in  vein-stones,  in  almost  endless  profusion,  of  a  form  asserted  to  be 
representative  of  the  dawn  of  animal  life  upon  our  planet;  an 
enigma,  however,  which  is  apparently  inexplicable  on  the  hypothe- 
sis that  the  form  is  organic,  and  which  I  accordingly  leave  for  those 
who  are  professedly  conversant  with  "  Eozodnal "  structure  to  ex- 
plain as  best  they  are  able.  Meanwhile  the  evidence  now  presented, 
among  many  other  special  bearings,  forces  upon  us  one  in  particular 
which  ought  not  to  be  overlooked.  It  evinces,  so  far  as  it  is 
readily  possible  to  evince,  the  inorganic  character  of  the  limestones 
under  consideration.  And  while  it  seems  thus  clearly  to  show, 
that  the  so-called  Eozoon  of  Chelmsford  is  not  an  organic  structure, 
it  at  the  same  time  indicates  the  probability  that  the  '^Eozodnal" 
forms  furnished  by  limestones  of  the  Grand  Calumet  in  Canada, 
of  Bavaria  and  Bohemia,  of  Ireland  and  of  other  regions,  have 
the  same  or  a  kindred  origin,  and  therefore  that  they  are  like- 
wise inorganic.  Indeed,  so  far  as  I  can  see,  the  evidence  casts 
discredit  upon  the  assumed  organic  character  of  the  "  Eozoon " 
generally,  and  fixes  the  burden  of  proof  upon  its  advocates,  to 
whom  it  originally  belonged,  and  with  whom  of  good  right  it 
should  have  always  remained.  It  also  with  equal  certainty  sug- 
gests that  the  resemblance  which  the  ^  Eozoon "  bears  to  animal 
structure,  is,  like  that  of  "  Dendrites  "  to  vegetable  forms,  merely 
the  result  of  chemical  agency;  in  other  words,  that  the  ^Eozoon" 
properly  belongs  to  the  department  of  Mineralogy,  and  not,  as 
has  been  claimed,  to  that  of  Palseontology. 
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1.  On  the  Cabpal  and  Tabsal  Bones  of  Bibds.     By  £d- 
WABD  S.  MoBSS,  of  Salem,  Massachusetts. 

The  author  stated  that  he  had  followed  with  great  interest  the 
work  of  Huxley,  Cope,  and  others,  in  tracing  out  the  ornithic  char- 
acter in  the  Dinosauria.  While  following  these  relations,  he  had 
noticed  a  marked  difference  in  the  characters  of  the  two  classes. 
It  seemed  strange  that  a  group  of  bones  so  persistent  in  the  rep- 
tiles, as  well  as  in  the  mammalia,  should  be  so  obscure,  or  wanting, 
in  birds. 

Owen  objects  to  the  term  tarao^metatarae,  as  he  believes  the  ex- 
istence of  a  tarsus  has  not  been  demonstrated.  W.  S.  Parker,  in 
1861,  on  the  osteology  of  the  Balseniceps  Bex,  queries  if  the  lower 
articular  portion  of  the  tibia  is  not  the  homologue  of  the  mamma- 
lian astragalus,  and  not  an  epiphysis. 

Gegenbaur  has  now  shown  that,  in  an  early  stage  of  the  chick, 
there  is  a  proximal  tarsal  ossicle,  and  a  distal  tarsal  ossicle ;  the 
proximal  one  anchylosing  with  the  tibia,  the  distal  one  likewise 
anchylosing  with  the  metatarsus.  Thus,  the  term  tarso-metatarsus 
is  not  only  correct,  but  the  nature  of  the  segment  in  question  is 
explained  by  it. 

While  this  was  a  great  step  toward  a  proper  understanding  of 
these  parts,  Mr.  Morse  believed  that  a  nearer  relation  would  be 
found  in  the  discovery  of  another  proximal  tarsal  bone.  In  rep- 
tiles,— even  in  the  low  Batrachians, — however  few  in  number  the 
tarsal  bones  might  be,  there  were  always  in  the  proximal  series 
one  corresponding  to  the  tibia,  and  another  corresponding  to  the 
fibula. 

He  had  found  this  feature  in  birds.  The  following  embryos 
were  studied :  — 

Bank  Swallow,  CotyU  riparia. 
Cave  Swallow,  Hirundo  lunifrons. 
King  Bird,  Tyrannus  Carolienais, 
Crow  Blackbird,  Quitealua  werticolor. 
Cow  Blackbird,  Molothrta  peoorit. 
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Blaebird,  Sialia  tialia. 
Chipping  Sparrow,  Spizella  9oeicUi$. 
Yellow  Warbler,  Dendroica  astiva. 
Wilson's  Thrush,  Turdus  juscescens,  and  the 
Spotted  Sand-piper,  Tringotdes  macularius. 

In  these  he  had  foand  three  distinct  tarsal  bones, — two  in  the 
proximal  series  answering  to  the  astragalus  and  calcaneum  or  the 
tihiale  Kad  JUmlare  of  Gregenbaur,  and  one  in  the  distal  series  rep- 
resenting the  centrale. 

The  first  two  anchylose  at  an  early  stage,  and  present  an  hour- 
glass-faced articular  surface,  as  described  in  the  astragalus  of  Lcb- 
laps  by  Professor  Cope.    The  final  anchylosis  of  these  conjoined  • 
ossicles  with  the  tibia  formed  the  bicondylar  trochlea  so  peculiar 
to  the  distal  end  of  a  bird's  tibia. 

The  distal  tarsal  ossicle  became  united  with  the  proximal  ends 
of  the  metatarsals  as  Gegenbaur  had  shown. 

In  the  carpus  he  had  found  four  perfectly  distinct  ossicles, — two 
in  the  proximal  series,  and  two  in  the  distal  series ;  the  bones  of 
the  proximal  series  remaining  free,  while  the  bones  of  the  distal 
series  unite  with  the  base  of  the  mid  and  outer  metacarpal. 

Thus  we  have  in  the  wing,  as  in  the  leg,  the  joint  between  the 
first  and  second  carpal  series. 

In  the  Kingbird  and  Yellow  Warbler  he  had  found  a  fifth  car- 
pal on  the  radial  side. 


2.  On  thb  Mechanism  of  Flexion  and  Extension  in  Bibds* 
Wings.    By  Elliott  Coues,  of  Fort  MoHenry,  Maryland. 

I  DEsmE  to  bring  to  the  notice  of  the  Association,  and  of  orni- 
thologists in  general,'  a  certain  mechanism  in  the  wings  qf  birds, 
which  has  not  received  the  attention  that  is  warranted  by  its  inter- 
est and  importance.  No  discovery  is  claimed ;  for  probably  the 
point  cannot  have  been  overlooked :  nevertheless,  having  seen  no 
account  of  it,  I  am  led  to  believe  that  it  will  be  new  to  many,  as 
it  was  to  myself  when  I  first  detected  it. 

I  will  first  briefiy  recapitulate  the  well-known  points  of  osseous 
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struoture  marking  the  elbow  and  wrist-joint  of  birds,  that  they  may 
be  fresh  in  the  mind ;  and  then  demonstrate  the  particular  mechan- 
ism above  alluded  to. 

The  elbow  is  a  ginglymus,  or  hinge-joint,  but  one  of  a  peculiar 
kind,  inasmuch  as  it  is  oblique  ;  the  forearm  being  flexed  upon  the 
upper  arm,  not  in  a  plane  of  the  axis  of  the  humerus,  but  consid- 
erably out  of  such  plane,  so  that  in  extreme  flexion  the  carpus 
does  not  lie  against  the  upper  arm,  but  below  and  outside  of  it. 
The  shape,  size,  and  relative  position  of  the  two  humeral  articular 
surfitces  with  which  the  ulna  and  the  radius  respectively  articulate, . 
which  are  diagnostic  of  this  class  of  vertebrates,  explain  this  ob- 
liquity of  flexion.  The  surface  for  the  idna  is  hemispherical  (to 
speak  in  general  terms),  while  the  radial  one  is  semi-elliptical ;  and 
the  obliquity  of  the  major  axis  of  the  latter  impresses  a  correspond- 
ing obliquity  upon  the  motion  of  the  radius  in  flexion  of  the  fore- 
arm. The  globular  shape  of  the  ulnar  surface  allows,  so  to  speak, 
a  sort  of  passive  rotation  of  the  head  of  the  ulna,  so  that  this  bone 
can  (and  from  its  unyielding  connection  with  the  radius  it  must) 
follow  the  radius  in  the  oblique  course  that  the  radial  surface 
enforces.  Such,  briefly,  is  the  characteristic  of  the  avian  elbow- 
joint,  and  such  the  teleology  usually  ascribed  to  its  peculiar  con- 
struction. It  will  appear,  however,  in  the  sequel,  that,  although 
this  explanation  of  the  size,  shape,  and  relative  position  of  the  two 
humeral  articulating  surfaces  is  perfectly  true,  yet  it  does  not  ex- 
press the  whole  truth ;  and  that  in  the  construction  of  the  elbow- 
joint  another  and  more  important  purpose  is  subserved,  —  one  that 
is  essential  to  flexion  and  extension  oft?ie  hand  upon  the  forearm. 

The  bones  of  a  bird's  forearm  are  firmly  bound  together,  and  do 
not  permit  pronation  or  supination  in  any  appreciable  degree. 
Such  stability  is  obviously  necessary  to  the  efl^ciency  of  the  wing 
in  the  peculiar  office  it  is  called  upon  to  perform ;  for  without  un- 
yielding connection  of  the  bones  of  the  forearm,  the  tip  of  the 
wing  would  fly  up  on  the  downward  stroke  of  the  member,  and 
down  on  the  upward  stroke,  unless  counteracted  by  muscular 
efibrt  that  could  not  be  effectively  applied  nor  sustained  without 
fttiguing  effort,  and  consequently  is  not  brought  into  play  at  all, 
—  this  osseous  contrivance  taking  its  place.  With  obvious  refer- 
ence to  the  same  condition,  the  customary  flexion  and  extension 
at  the  wrist-joint  that  occurs  in  other  vertebrates  is  in  birds  re- 
placed by  abduction  and  adduction  of  the  hand — the  carpus  being 
stiff  and  unyielding  in  the  up-and-down  direction,  or  vertical  plane, 
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and  perfectly  flexible  in  the  opposite  (the  horissontal)  one.    Bat 
as  these  movements  are  commonly  called  flexion  and  extension, 
we  shall  continue  to  employ  the  terms,  remembering  that  abduc- 
tion, which  occurs  in  spreading  the  wing,  corresponds  to  extension, 
and  that  adduction,  or  folding  of  the  wing,  is  similarly  equivalent 
to  flexion.    In  the  anatomy  of  the  carpal  joint,  we  have  only  to 
remember  that,  in  the  adult  state,  there  are  two  carpal  bones  inter- 
posed between  the  forearm  and  metacai*pus.    One  of  these  is  the 
larger,  and  is  an  irregular  osseous  nodule  lying  on  the  outer  (ra- 
dial) border  of  the  articulation,  opposed  proximately  to  the  end  of 
the  radius,  and  distally  to  the  outer  (radial  or  thimib)  border  of 
the  metacarpus ;  it  expresses  the  convexity  of  the  articulation. 
The  other,  smaller,  lies  on  the  opposite  side,  in  the  concavity  of  the 
wrist-joint;  it  connects  the  end  of  the  ulna  with  the  inner  (ulnar 
or  little  finger)  border  of  the  metacarpus,  and,  being  somewhat 
bifurcated,  bestrides  a  ridge  on  the  metacarpus,  and  rides  back  and 
forth  upon  the  latter  in  the  movements  of  the  hand.    Without 
considering  the  morphology  of  these  two  bones,  it  will  be  sufficient 
for  present  purposes  to  call  the  larger  one  the  radio-carpal  bone, 
and  the  smaller  one  the  ulno-carpal  bone.    Finally,  what  is  to  be 
particularly  remembered  in  this  connection  is,  that  the  radio- 
carpal bone  is  so  situated  that,  if  it  be  pushed  upon  by  the  end  of 
the  radius,  it  will  transmit  the  push  to  the  outer,  radial,  or  thumb 
border  of  the  metacarpal,  and  consequently  cause  the  distal  seg- 
ment of  the  wing  (the  hand)  to  be  adducted  or  flexed ;  and,  con- 
versely, if  the  radio-carpal  bone  be  pulled  upon  by  the  radius,  or, 
what  is  the  same  thing,  if  the  ulno-carpal  bone  be  pushed  upon, 
the  reverse  motion  of  abduction  or  extension  of  the  hand  will 
result. 

It  is  our  object  to  show  that,  in  spreading  and  folding  the  wing, 
the  radio-carpal  bone  is  alternately  pulled  and  pushed  by  the  end 
of  the  radius;  or,  in  other  words,  that  the  radius  slides  lengthwise 
back  and  forth  along  the  ulna  ;  that  this  peculiar  motion  is  prima- 
rily efiected  at  the  elbow,  and  is  directly  due  to  the  size,  shape, 
and  position  of  the  humeral  surface  with  which  the  radius  articu- 
lates. The  main  proposition,  which  has  several  interesting  corc^- 
laries,  may  be  thus  stated :  — 

Theorem  :  Metension  of  the  forearm  upon  the  humerus  causes 
extension  of  the  hand  upon  the  forearm  by  osseous  mechanism 
alone;  and^  conversely^  flexion  of  the  forearm  eff^ects  corresponding 
fUxion  of  the  hand. 
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• 

For,  the  wrist  being  connected  with  the  elbow  by  two  bony 
rods,  any  alteration  in  the  relative  position  of  the  rods,  that  may 
be  effected  by  pulling  or  pushing  upon  one  of  them  (the  other 
remaining  stationary)  at  the  elbow,  will  be  transmitted  to  the 
wrist.  In  a  given  position  of  the  bones  of  the  forearm  with  refer- 
ence to  the  humerus, —  say  the  position  of  extension — the  surface 
that  the  ulna  articulates  with  will  be  neareft  the  carpus,  than  the 
surface  that  the  radius  articulates  with  is,  in  consequence  of  the 
inferior  position  of  the  surface  that  the  ulna  articulates  with.  In 
another  position  —  say  of  flexion  —  the  surface  that  the  radius 
articulates  with  will  be  nearer  the  carpus,  in  consequence  of  the 
superior  position  of  this  surface.  The  two  bony  rods  remaining 
of  the  same  lengths  in  any  position,  it  follows  that  these  difierences 
in  the  relative  positions  of  their  proximal  ends  will  be  transmitted 
to  their  distal  ends,  and  there  repeated  exactly  (saving  only  with 
such  variation  as  the  difference  in  the  contour  of  the  ends  of  the 
bones  may  effect).  That  is  to  say,.in  extension  of  the  forearm  upon 
the  arm,  the  radius  is  in  effect  pulled  away  from  the  carpus,  in 
consequence  of  its  articulation  with  the  humerus  at  a  surface  fur- 
ther removed  from  the  wrist ;  and,  in  flexion  of  the  forearm,  the 
radius  is  pushed  forward  upon  the  carpus,  since  its  humeral  articu- 
lar sur&ce  is  then  nearer  the  wrist.  Now,  since  the  end  of  the  ra- 
dius abuts  against  .the  radio-carpal  bone,  which  lies  upon  the 
outer  or  thumb  border  of  the  metacarpal,  it  follows  that  when  the 
radius  is  pushed  forward,  the  motion  thus  transmitted  to  the  hand 
will  make  .the  latter  swing  around  the  centre  of  motion  of  the 
wristr-joint ;  and  that,  when  the  radius  is  pulled  back,  the  reverse 
motion  will  be  impressed  upon  the  hand ;  and,  further,  that  these 
motions  are  respectively  adduction  or  flexion,  and  abduction  or 
extension.  So,  therefore,  flexion  of  the  forearm  effects  flexion  of 
the  hand,  by  osseous  mechanism  alone,  and  conversely.     Q.  E,  D. 

This  mechanism  is  illustrated  in  the  accompanying  figures, 
which,  although  not  strictly  accurate,*  show  the  points  involved 
very  well.  Fig.  3  represents  the  front  view  of  the  lower  end  of 
the  left  humerus,  in  which  the  smaller,  globular  articulating  sur- 
face for  the  ulna  is  seen  to  be  lower  down  on  the  humerus  than 

*  The  artitt'has  not  represented  complete  flexion  or  extension,  as  was  desired, 
and  has  somewhat  exaggerated  the  amount  of  difference  in  the  relative  position 
of  the  ulna  and  radius,  that  occurs  in  the  two  positions.  The  hones  are  of  a 
fowl's  wing. 

A.  A.  A.  S.   VOL.  XX.  36 
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the  other,  and  consequently  nearer  the  carpus  when  the  latter  lies 
in  a  line  with  the  axis  of  the  humerus ;  and  the  larger  elliptical 
surface  for  the  radius  is  seen  to  be  both  more  protuberant  and 
higher  in  position,  and  thus  for  two  reasons  to  be  nearer  the  carpus 
when  the  latter  is  swung  around  towards  the  shoulder.  Figs.  2 
and  1  show  the  elbow-joint  and  forearm  bones  (in  half  profile)  in 
two  positions.  In  Fig.  1,  where  the  forearm  is  extended,  the  ends 
of  the  radius  and  ulna  are  nearly  in  the  same  plane.    In  Fig.  2, 


where  the  forearm  is  flexed,  the  end  of  the  radius  projects  over  the 
end  of  the  ulna;  and  in  each  case  the  relative  position  of  the  ulna 
and  radius  is  seen  to  depend  upon  the  position  of  the  two  humeral 
articulating  surfaces. 

The  proposition  may  easily  be  demonstrated  experimentally. 
On  cutting  open  the  carpal  joint  of  a  Ibwl,  across  the  ends  of  the 
forearm  bones,  so  as  to  leave  the  two  carpal  bones  attached  to  the 
metacarpus,  and  then  alternately  extending  and  flexing  the  fore- 
arm, the  end  of  the  radius  will  be  seen  to  ride  back  and  forth  upon 
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the  end  of  the  uhia;  and  the  radio-nlnar  plane  of  the  carpal  articu- 
lation will  change  its  position  according  to  the  position  of  the 
forearm  with  reference  to  the  humerus. 

The  first 'corollary  of  this  proposition  is  too  obvious  to  need 
demonstration.  It  is  simply,  that  flexion  and  extension  of  the 
hand  must  follow  the  same  motions  of  the  forearm. 

That  the  sliding  of  the  radius  along  the  ulna  which  has  been 
demonstrated  is  absolutely  necessary  to  the  anatomical  integrity 
and  proper  function  of  the  wrist-joint,  is  a  second  and  important 
corollary.  For,  in  folding  and  unfolding,  the  point  of  the  wing 
sweeps  through  an  arc  of  nearly  180° ;  that  is,  the  hand  is  can-ied 
from  a  position  nearly  parallel  to,  and  side  by  side  with  the  fore- 
arm, to  one  nearly  in  a  straight  line  continuous  with  the  long  axis 
of  the  forearm ;  and,  furthermore,  this  motion,  being  of  adduction 
and  abduction,  occurs  in  the  longest  diameter  of  the  carpal  articu- 
lation, instead  of  the  shortest,  which  would  be  the  case  in  true 
flexion  and  extension.*  Now,  since  the  carpal  ligaments  are  all 
inelastic  ^nd  unyielding,  it  follows  that  if  the  ends  of  the  radius 
and  ulna  were  bound  together  immovably,  the  carpal  joint  would 
be  wrenched  open,  at  the  site  of  the  radio-carpal  bone,  or  point  of 
greatest  convexity,  in  extreme  flexion  of  the  hand ;  and  similarly, 
in  perfect  extension  of  the  hand,  the  opposite  side  of  the  wrist- 
joint,  where  the  ulno-carpal  bone  lies,  would  be  strained.  In  other 
words,  the  anatomical  structure  and  relations  of  the  carpus  are 
such,  that  the  requisite  amount  of  flexion  and  extension  of  the 
hand  could  not  be  secured  without  that  accommodation  of  the 
plane  of  the  articulating  surfaces  of  the  radius  and  ulna  which  has 
been  shown  to  result  from  flexion  and  extension  of  the  elbow. 

The  third  and  last  inference  that  I  draw,  likewise  relates  to  the 
teleology  of  this  interesting  mechanism.  Independently  of  the 
considerations  presented  in  the  last  paragraph,  another  and  equally 
important  design  is  fulfilled :  that  of  retaining  the  wing  in  position, 
both  when  it  is  folded  and  when  it  is  spread,  by  the  automatic 
action  of  the  bones,  so  to  speak,  and  thus  of  relieving  the  muscles 
that  act  upon  the  carpus,  metacarpus,  and  phalanges,  from  a  part 
of  the  work  they  have  to  perform.     In  the  act  of  flying,  and  in 

*  To  appreciate  the  point  here  meant,  observe  that  the  human  hand  maj  be 
flexed  or  extended  at  the  wrist,  so  that  it  sweeps  through  nearly  180°,  moving 
around  the  shortest  diameter  of  the  joint;  but  that  its  abduction  and  adduction, 
or  motion  sideways  across  ttie  longest  diameter  of  the  carpal  articulation,  amounts 
to  only  about  45°. 
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other  actioDs  that  birds  perform  with  the  wings  expanded,  the 
point  of  the  wing  must  remain  extended  to  a  degree  correspondent 
to  the  amount  of  extension  of  the  forearm ;  and  particularly,  in 
all  terrestrial  and  aquatic  progression,  when  the  wings  are  not 
used,  as  well  as  in  a  state  of  rest  (and,  it  is  hardly  necessary  to 
add,  by  far  the  greater  part  of  a  bird's  time  is  spent  in  one  or  the 
other  of  these  conditions),  the  weight  of  the  distal  segment  of  the 
wing  is  largely  supported,  and  the  point  of  the  wing  somewhat 
fixed  in  its  folded  position,  by  the  flexion  of  the  forearm  upon  the 
humerus. 

Independently  of  the  obvious  anatomical  necessity  for  some  such 
bony  arrangement  as  has  been  described,  and  in  a  purely  physio- 
logical point  of  view,  it  is  no  exaggeration  of  the  import  of  this 
osseous  mechanism  to  say,  that  by  its  means  the  action  of  the 
brachialis  anticus,  biceps,  and  triceps,  is  transmitted  to  the  very 
end  of  the  distal  segment  of  the  wing ;  that  it  accomplishes  a  part 
of  the  work  that  the  muscles  would  otherwise  have  to  perform, 
and  tends  to  equalize  muscular  action,  by  taking  some  of  the  strain 
'off  the  smaller  muscles  that  act  upon  the  hand,  and  relegating  a 
part  of  their  work  to  the  larger  ones  of  the  upper  arm. 


3.  On  thk  Characteristics  op  the  Primary  Groups  op  the 
Class  op  Mammals.  By  Dr.  Theodore  Gill,  of  Wash- 
ington, D.  C. 

General. 

At  the  last  meeting  of  the  Association,  the  author  made  a  com- 
munication on  the  classification  of  mammals,  based  on  facts  in  part 
already  become  the  6ommon  property  of  science,  and  in  part  pre- 
viously unpublished.  An  abstract  giving  the  conclusions  arrived 
at  has  been  published  in  ^^  The  American  Naturalist "  and  in  the 
"  Proceedings"  of  the  Association.  Continued  researches  into  the 
same  subject  have  confirmed  the  propriety  of  the  ordinal  groups 
and  the  limits  then  admitted,  but  have  necessitated  a  difierent 
combination  of  those  groups. 
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The  diyisions  into  subclasses  first  solidly  established  by  Huxley 
are  still  retained. 

The  Placental  or  Monodelphian  mammals  are  with  more  propri- 
ety combinable  into  two  major  groups  which  correspond — on  the 
one  hand,  to  the  Educabilia  of  Bonaparte  (the  combined  Abchxn- 
CBFHALA  and  Gtbencephaul  of  Owen,  and  the  combined  Ab- 
CHONTs  and  Megasthsitbs  of  Dana) ;  and  on  the  other  hand,  to 
the  Insducabilia  of  Bonaparte  (the  Lisssncefhala  of  Owen  and 
the  MioBOSTHENBS  of  Dana).  The  characters  hitherto  used  to 
distinguish  those  groups  are,  however,  either  vague  and  difficult  of 
application,  not  characteristic,  or  generally  regarded  as  inapplica- 
ble. But  positive  and  easily  recognizable  characters  appear  to 
exist  in  the  brain  which  confirm  those  groups,  but  which  have  not 
hitherto  been  regarded,  at  least  in  respect  to  their  systematic  ap- 
plication. 

There  has  also  always  existed  cause  to  deplore  the  insufficiency 
of  the  characters  assigned  in  the  diagnoses  of  some  of  the  orders  of 
mammals.  After  an  attentive  study  of  most  of  the  known  forms, 
the  author  believes  that  he  has  succeeded  in  finding  characters* 
which  at  the  same  time  confirm  the  groups  already  recognized  and 
supplement  the  teleological  characters  (sometimes  of  doubtful 
application  or  entirely  faihng)  by  morphological  characters  of  more 
constancy.  The  revised  diagnoses  of  the  orders  and  other  primary 
divisions  are  submitted  in  advance  of  a  work  now  bein^  printed  by 
the  Smithsonian  Institution ;  that  work  will  give  the  characters, . 
contrasted  in  dichotomous  tables,  of  all  the  groups  of  mammals  as 
low  as  subfamilies  and  lists  of  the  genera,  recent  and  extinct. 
While  the  author  has  been  dependent,  for  the  most  part,  on  the 
collections  of  the  Smithsonian  Institution  for  his  investigations,  he 
has  also  visited  the  museums  of  the  Academy  of  Natural  Sciences 
of  Philadelphia,  the  Peabody  Academy  of  Science  of  Salem,  the 
Boston  Society  of  Natural  History,  and  the  Museum  of  Compara- 
tive Zoology  at  Cambridge. 

Principles  of  Claaaijlcation* 

It  is  proper  lo  repeat  here  the  principles  which  have  guided  the 
author  in  the  appreciation  of  the  relations  of  the  various  groups 
admitted,  and  their  combination.    These  are  the  following  five :  — 

I.  Morphology  is  the  only  safe  guide  to  the  natural  classification 
of  organized  beings;  teleology  or  physiological  adaptation  the  most 
unsafe  and  conducing  to  the  most  unnatural  approximations. 
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n.  The  affinities  of  such  organisms  are  only  determinable  by 
the  sum  of  their  agreements  in  morphological  characteristics,  and 
not  by  the  modifications  of  any  single  organ. 

III.  The  animals  and  plants  of  the  present  epoch  are  the  deriva^ 
tives  with  modification  of  antecedent  forms  to  an  unlimited  exteni. 

IV.  An  arrangement  of  organized  beings  in  any  single  series  is, 
therefore,  impossible,  and  the  system  of  sequences  adopted  by 
genealogists  may  be  applied  to  the  sequence  of  the  groups  of  nat- 
ural objects. 

V.  In  the  appreciations  of  the  value  of  groups,  the  founder  of 
modem  taxonomy  (LinnsBUs)  must  be  followed,  subject  to  such 
deviations  as  our  increased  knowledge  of  structure  necessitates. 


The  first  of  these  principles  is  almost  universally  accepted  by 
scientific  naturalists,  although  popular  writers  still  frequently  urge, 
as  reasons  for  certain  classifications  of  animals,  that  modifications 
of  the  general  form,  or  of  special  organs,  are  subservient  to  the  use 
of  the  animal ;  such  teleological  modifications,  however,  are  really 
provocative  of  suspicion  of  their  taxonomic  significance. 

II. 

The  second  proposition  is  also  very  generally  adopted  by  scien- 
tific naturalists,  at  least  in  practice,  but  my  learned  friend,  Pro- 
fessor Cope, —  in  his  very  able  and  instructive  memoir  on  the 
classification  of  the  reptiles,*  —  while  expressing  a  general  appro- 
bation of  the  principles  just  enumerated,  has  combated  the  one  in 
question;  he  conceives  "it  to  be  a  very  good  expression  of  the 
views  of  many  naturalists,  yet,  in  [his]  own,  it  does  not  go  far 
enough ;  nor  is  the  second  clause,  that  ^  affinities  are  determinable ' 
'not  by  the  modifications  of  any  single  organ,'  one  with  which  [he] 
can  agree.  The  same  objection,  therefore,  applies  to  the  corollary 
following,  that  the  '  adoption  of  such  principles  compels  us  to  re- 
ject such  systems  as  are  based  solely  on  modifications  of  the  brain, 
those  of  the  placenta,  and  those  of  the  organs  of  progression,'  &c. 
In  other  words,  agreeing  with  the  first  part  of  Proposition  II.,  that 
*  affinities  are  only  determinable  by  the  sum  of  their  agreement  in 
morphological  characteristics,'  [he  does]  not  regard  the  remainder 

•  Cope,  Proc.  Am.  Am.  Adv.  Sci.,  19  meeting  (1870),  p.  226, 1871. 
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of  the  proposition  and  its  corollary  as  necessary  consequences 
of  it.'' 

I  am  happy  to  believe  that  there  is  only  an  apparent  and  no  real 
difference  between  my  eminent  friend  and  niyself,  and  that  some 
misunderstanding  has  resulted  on  hts  part  in  an  unconscious  inter- 
pretation of  the  clause  "  afEinities  are  only  determinable^  used  in 
the  proposition  quoted,  by  something  like  the  phrase  ''  groups  are 
only  diagnosdhleP  I  however  deliberately  used  the  former,  and 
in  the  hope  that  my  meaning  might  be  clear,  and  not  interpreted 
in  the  sense  of  the  latter.  I  therefore  reassert  that  the  affinities 
of  animals  are  only  determinable  by  the  sum  of  their  agreements 
in  morphological  characteristics  (and  Professor  Cope  in  practice 
adopts  the  principle),  but  freely  assent  to  the  proposition  that 
natural  groups  thiis  ascertained  may  be  diagnoacible  by  the  expres- 
sion of  the  modification  of  a  single  organ,  and  have  acted  upon  it 
in  the  article  quoted  and  in  the  present.  And  that  Professor  Cope 
has  acted  on  the  proposition  that  affinities  are  not  "  determinable  " 
by  the  modifications  of  a  single  organ,  but  by  their  agreement  in 
whole,  is  evident  from  his  writings,  and  his  practice  in  the  article 
from  which  I  have  just  quoted.  For  example,  he  there  combines 
the  orders  of  reptiles  with  "  extremities  differentiated  "  into  major 
groups,  primarily  distinguished  by  the  relations  of  the  tubercular 
and'  capitular  portions  of  the  ribs.*  Yet  in  the  order  of  cetaceous 
mammals,  he  assigns  a  very  inferior  value  to  corresponding  modifi- 
cations of  the  articular  surfaces  of  the  ribs,t  co-ordinating  them 
with  family  characters.  Now,  there  is  no  a  priori  reason  that  I 
am  aware  of,  why  these  modifications  should  not  be  of  as  much 
taxonomic  value  in  the  one  case  as  in  the  other.  If,  for  example, 
we  had  only  two  reptiles,  and  two  mammals,  respectively  exhibiting 
such  differentiation  as  to  the  ribs  among  themselves,  that  differen- 
tiation'having  just  originated,  I  know  not  what  reason  we  would 

•  "Tubercular  and  capitular  surfaces  united,"  in  Stheptostylica,  i.e. 
in  LacertUia,  Pythonomorpha,  and  Ophidia ;  and  in  Synaptosauria,  i.e.  Khyncho- 
cephaUa,  Testudinata,  and  Sauropterygia ;  Tubercular  and  capitular  surfaces 
separated;  former  on  diapophysis,  latter  on  centrum/'  in  Archosacria,  {.e. 
AnomodotUia,  Dinosatariaj  Crocodilia,  and  OmWiosauria. 

t  "  The  hinder  ribs  losing  their  tubercle  and  retaining  their  capitular  articula- 
tions with  the  vertebrae,"  in  Physeterida.  "  The  tubercular  and  capitular  articula- 
tions of  the  ribs  blending  together  posteriorly,"  in  PlatanistidcB.  "  Posterior  ribs 
losing  their  capitular  articulation,  and  only  uniting  with  the  transverse  processes 
of  the  vertebrae  by  the  tubercle,"  in  Ddphinidoe,  —  Cope,  Proc.  Acad.  Nat.  Sci., 
Phila.,  1869,  p.  20. 
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have  to  foresee  a  constantly  increasing  differentiation  as  to  other 
points  of  structure  in  the  one  more  than  in  the  other.    But  as  a 
matter  of  fact,  we  do  see  that  there  has  been  such  differentiation 
in  the  reptiles  (admitting,  for  the  sake  of  argument  at  least,  the 
naturalness  of  the  associations  sanctioned  by  Oope),  and  that  co- 
ordinated with  such  characters  are  others  which  stamp  them  as 
"^  natural  groups,"  while  it  is  still  more  evident  that  in  the  case 
of  the  cetaceans,  primary  combinations  distinguished  by  the  rib- 
articulations  would  be  solely  based  thereon,  and  that  such  modifi- 
cations are  not  co-ordinate  with  others,  and  are  therefore  not 
indicative  of  true  affinity.    This  has  been  fully  recognized  by  Pro- 
fessor Cope ;  he  has  determined  the  affinities  of  the  reptiles  by  an 
appreciation  of  their  common  agreements,  has  verified  the  con- 
stancy of  the  mode  of  articulations  of  the  ribs,  and  their  co-ordina- 
tions with  other  characteristics,  and  has  therefore  availed  himself 
of  the  obvious  characters  furnished  thereby  for  diagnostic  pur- 
poses ;  on  the  other  hand,  he  has  appreciated  the  affinities  inter  se 
of  the  cetaceans,  has  verified  the  comparatively  slight  value  of  the 
mode  of  articulation  of  the  ribs,  and  the  absence  of  correlation  with 
other  characters,  and  has  therefore  properly  limited  the  taxonomic 
value  to  family  rank,  and  introduced  them  into  the  diagnoses  of 
the  families.    In  neither  case,  are  the  groups  made  simply  because 
they  are  distinguished  by  their  rib-articulations ;  they  are  recog- 
nized  because  of  certain  general  agreements  inter  «e,  and  the  rib- 
articulations  simply  furnish  good  technical  means  for  their  further 
recognition  and  distinction.    In  practice,  then,  I  repeat,  there  is 
no  disagreement  between  us ;  and  a  proper  distinction  between  the 
words  determinable  and  diagnosdNe  would  prevent  any  theoretical 
disagreement. 

in.  % 

The  third  proposition  (respecting  descent  with  modification)  is 
too  generally  admitted  by  competent  judges  to  need  argument  in 
this  place. 

IV. 

A  difficult  problem  is  the  arrangement,  in  a  linear  series,  of  forms 
so  as  to  best  express  their  relationships.  This  is  perhaps  most 
aptly  effected  by  taking,  in  the  first  place,  the  most  generalized 
type  known  (a),  and  follow  that  by  the  one  (of  two  or  more)  most 
closely  allied  to  it  (a  1),  then  by  the  one  nearest  to  that  (a  2),  and 
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thus  to  the  end  of  the  series,  wherever  it  may  lead ;  then  we  may 
recommence  with  the  one  n^a;^  most  nearly  related  to  (a)  the  first 
type,  and  project  another  series  (5,  dl,  &c.).  It  will  be  evident 
that  the  last  term  of  the  first  series  (ax)  will  often  be  much  less 
nearly  related  to  the  first  term  of  its  own  series  (a)  than  is  the 
first  term  of  the  second  series  {b) ;  and,  of  course,  that  it,  —  (ax) 
the  last  term  of  the  first  series,  —  so  far  from  being  intermediate 
between  the  two  (a  and  6),  must  be  the  most  remote  from  the 
first  term,  if  we  are  right  in  the  appreciation  of  the  relative  affin- 
ities *  of  the  succeeding  series,  since  both  are  the  descendants  of 
the  same  original  progenitor.  A  more  vivid  appreciation  of  our 
meaning  may  be  derived  from  an  examination  of  the  annexed 
table,  and  the  succeeding  exhibition  in  a  linear  series  of  its 
terms.t 

In  every  case,  the  left  branch  of  the  fork  (major  as  well  as  minor) 
represents  the  most  generalized  form,  or,  at  least,  that  supposed  to 
be  the  most  generalized,  and  therefore  the  quasi-eldest.  I^  then, 
we  commence  with  the  most  generalized  forms,  we  must  proceed 
from  the  left  to  the  right,  in  the  order  indicated  by  the  numbers 
inserted  after  the  family  names.  But  reference  to  the  table  will 
render  it  evident  that  there  is  nothing  like  a  continuous  series ; 
and  it  is  now  removed  beyond  the  province  of  doubt  that  such  a 
phenomenon  as  the  chain  of  beings,  which  existed  in  the  imagina- 
tions of  Lamarck  and  De  BlainviUe,  does  not  exist  in  nature ; 
therefore,  in  no  scheme  can  we  interpose  forms  in  a  strictly  linear 
series  so  as  to  exhibit  their  mutual  affinities. 

In  most  cases,  in  such  a  series,  only  the  proximate  affinities  in 
one  case  can  be  exhibited.  Thus,  the  family  PhacocTuxrido^  in  a 
linear  series,  is  interposed  between  the  SuidoB  and  the  Obesa;  but 
it  is  not  intended  to  indicate  that  it  is  intermediate  as  to  affinities, 
—  far  from  it.  It  is  the  final  and  most  specialized  term  of  the  series 
to  which  the  former  (with  which  it  is  most  nearly  related)  belongs ; 
and  with  the  Obesa  we  commence  a  new  series,  which  springs  from 
the  same  common  base,  and  apparently  has  its  nearest  relations 
among  known  types,  with  the  AnthracotheriidcB.    But  to  indicate 

*  In  this  respect,  howerer,  we  mast  frequently  expect  to  err ;  for,  when  called 
upon  to  express  oar  opinion  respecting  the  relatire  affinities  and  degree  of 
generalization  of  three  given  forms,  we  may  arrire  at  false  conclasions  from  the 
paucity  of  material,  as  well  as  from  attaching  an  undue  importance  to  certain 
modifications. 

t  See  Table  on  following  page. 

A.  A.  A.  S.  VOL.  ZX.  37 
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SUBORDER    ARTIODACTYLL 
OMNIVORA. 

Setifrba. 
supertamilt  altthracothbboidba. 

1  Antkracotheriidcs. 

SuPBBrAMILT   SeTIFERA. 

2  DicotylidoR, 
\     8    Suida. 

I      4    PhaeochcaridcB. 

r  Obesa. 

I      6    Merycopotamtdce. 
[     6    Hippopotamidce. 

PECORA. 
PECORA  DENTATA, 

SUPBBFAMILT  AnOPLOTHBBIOIDKA. 

7  Anopldheritdce, 

8  Dichobunidoe. 

Supebfamilt  Obbodontoidba. 

9  Oreodtmtida. 

PECORA   UNGULIGRADA. 

Supebfamilt   Tbaouloidea. 

10  TragulidcB, 

Supebfamilt  Booidea. 

11  CervidcB. 

12  AntUocapridcB. 
r     18    BavideB. 

14    Saigiida, 

Supebfamilt  Gibaffoidea. 
16     GiraffidcB. 

PECORA  TYLOPODA. 
16     Camelida. 
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the  termination  of  series,  a  new  designation  has  been  introduced, 
— the  superfamily, — and  it  is  to  be  understood  that  the  seoond 
group  originates  either  from  the  same  common  progenitor  as  the 
first,  or  from  a  representative  of  the  first  group.  The  serial  ex- 
position of  the  Artiodactyli  will  serve  to  illustrate  the  application 
of  these  principles. 

The  various  relations  and  inter-relations  of  the  fiimilies,or  rather 
the  views  of  the  author  respecting  them,  may  be  also  ascertained 
by  the  braces  connecting  them ;  and  it  may  not  be  superfluous  to 
recall  the  statement  that  the  affinities  of  the  respective  groups  are 
apparent  in  the  first  or  more  generalized  of  each  series,  and  that 
indeed  it  would  be  a  matter,  in  the  present  state  of  our  knowledge, 
of  little  moment  whether  we  placed  one  or  the  other  of  two 
terms  first,  —  whether,  for  example,  we  place  the  UnguUgrada^  or 
the  fiimily  of  camels,  after  the  JPecara  denlata  (from  some  form  of 
which  it  has  probably  been  directly  derived  rather  than  from  any 
of  the  specialized  IJnguligrade  forms).  For  if,  in  some  respects, 
the  Unguligrades  seem  to  furnish  a  less  interrupted  series  from  the 
Pecora  derUatOy  the  camels  do  in  others.  As,  however,  on  the 
whole,  the  relations  of  the  latter  are  less  obvious,  and  as  they  ex- 
hibit several  very  specialized  features,  the  present  state  of  our 
knowledge  seems  better  to  be  exhibited  in  the  sequence  adopted. 

V. 

In  the  appreciation  of  the  value  of  groups,  or  at  least  those  of 
ordinal  rank,  the  views  of  LinnsBus  have  been  generally  adopted 
by  therologists  as  far  as  they  coald  be  consistently  with  the  more 
advanced  stage  of  knowledge,  and  an  attempt,  instinctive  or 
avowed,  has  been  made  to  apply  the  views  which  the  great  founder 
of  systematic  biology  had  vaguely  conceived ;  the  modifications 
have,  however,  been  necessarily  very  great,  and  the  groups  which 
the  intuitive  genius  of  Linnaaus  perceived  have  only  been  rigorously 
defined,  eliminated  of  heterogeneous  elements,  and  correctly 
weighed  as  to  relative  value  within  recent  times.  It  may  be  added 
that  if  the  writer  has  especially  introduced  the  proposition  now  ex- 
plained in  this  article,  it  is  only  because  some  eminent  and  justly 
esteemed  naturalists  of  this  country  have  taken  another  view -of 
the  appreciation  of  the  groups  recognized  by  the  father  of  the 
modem  taxonomy. 
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Terminologt/. 

In  order  to  meet  the  exigeDcies  of  a  taxonomic  valuation  of 
groups,  the  terms  superorder  and  superfamily  are  introduced;  their 
intended  range  maybe  best  perceived  by  reference  to  their  applica- 
tion in  the  present  article. 

Also,  for  the  purpose  of  exhibiting  in  the  descriptions,  the  ten- 
dencies as  well  as  primitive  characters  of  groups,  and  those  char- 
acteristics which  really  materially  influence  the  systematist  in  his 
conclusions,  although  he  may  not  avail  himself  of  them  on  account 
of  their  failure  in  universality,  the  terms  archetypically,  attypically, 
and  etypically  are  used. 

Archetypical  characters  are  those  which  a  group  derives  from  its 
progenitor,  and  with  which  it  commences,  but  which  in  much  mod- 
ified descendants  are  lost ;  such,  for  example,  is  the  dental  formula 
of  the  Educabilia  (M  |  PM  }C|I§X2),  — a  formula,  as  shown 
by  Owen,  very  prevalent  among  the  early  members  of  the  group, 
but  generally  departed  from  more  or  less  in  those  of  the  existing 
faunas. 

AUypiccU  characters  are  those  to  the  acquisition  of  which,  as  a 
matter  of  fact,  we  find  that  forms,  in  their  journey  to  a  specialized 
condition,  tend;  thus,  the  Pecora  or  Ruminants  have  lost  upper 
incisors,  and  this  character  seemed  to  entitle  them,  in  the  opinion 
of  the  early  cultivators  of  zoology,  to  ordinal  diflerentiation :  we 
now  recognize  the  comparatively  slight  value  of  the  character,  but 
itself  and  the  tendency  thereto  are  still  significant,  and  influence, 
insensibly  or  openly,  a  more  complete  recognition  of  the  group  in 
part  so  characterized.  Another  example  is  furnished  by  the  Soli- 
dungula,  in  which  the  specialized  EquidsB  formerly  fiirnished  the 
characters  for  the  distinction  of  the  group :  the  progress  of  discov- 
ery has,  however,  compelled  a  modification  of  diagnoses;  but  we  are 
still  influenced  by  the  culmination  of  the  characters  distinctive  of 
the  horses,  and  it  is  proper  to  specify  the  tendencies  thereto  in  a 
diagnostic  form. 

JEtypiccd  characters  are  exceptional  ones,  and  which  are  exhib- 
ited by  an  eccentric  oflbhoot  from  the  common  stock  of  a  group. 
Such  are  the  dental  characters  exhibited  by  certain  Lemurids,  the 
Aye-aye,  Ac. 

Descriptive, 

After  the  preceding  introduction,  the  descriptions  and  reasons  for 
combinations  of  the  following  groups  may  be  more  intelligible. 
The  names  in  italics  indicate  extinct  types. 
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The  class  of  mammals  is  definable  by  the  following  characters, 
most  of  whidh  have  been  especially  exposed  by  Professor  Huxley. 

Maatiwatta. 

Abranchiate  Vertebrates  with  a  brain  whose  cerebral  hemis^ 
pheres  are  more  or  less  connected  (and  in  nearly  inverse  ratio)  by 
an  anterior  commissure,  and  a  superior  transverse  commissure  (cor- 
pus callosum)  ;  the  latter  more  or  less  roofing  in  the  ventricles. 
Skull  with  two  condyles,  chiefly  developed  on  the  exoccipital  ele- 
ments (one  on  each  side  of  the  foramen  magnum)  :  with  the  mal- 
leus and  incus  superadded  as  specialized  auditory  ossicles :  and  the 
lower  jaw  (composed  of  a  pair  of  simple  rami)  articulated  directly 
by  convex  condyles  with  the  squamosal  bones.  Lungs  and  heart 
in  the  thorax,  and  separated  from  the  abdominal  viscera  by  a  mus- 
cular diaphragm:  aorta  single  and  reflected  over  the  lefl  bronchus: 
blood  with  red  nonnudeated  blood-corpuscles  undergoing  a  com- 
plete circulation ;  entirely  received  and  transmitted  by  the  right 
half  of  the  quadrilocular  heart  to  the  lungs  for  aeration  (and  thus 
warmed),  and  afterwards  rptumed  by  the  other  half  through  the 
system.  Dermal  appendages  developed  as  hairs.  Viviparous: 
young  nourished  after  birth  by  a  fluid  (milk)  secreted  in  peculiar 
glands  (mammary)  by  the  mother. 

The  relations  of  the  several  primary  groups  of  the  class  may  be 
more  readily  understood  from  a  glance  at  the  subjoined  table, 
which  will  also  serve  as  a  genealogical  table  for  those  who  accept 
the  doctrine  of  evolution.  The  more  generalized  forms  —  and 
therefore  the  quasi-eldest  —  are  represented  by  the  left  branches. 
It  may  not  be  entirely  superfluous  to  remark  that  adaptive  special 
modifications  must  be  subordinated  to  morphological  in  every  case : 
it  will  therefore  be  understood  that  although  the  Cetacean  is,  in  a 
teleological  sense,  the  most  specialized  form  of  mammals,  it  is  a 
divergent  from  the  same  common  stock  as  the  Carnivores  and  other 
Educabilia,  and  must  be  contrasted  morphologically  with  them 
alone  and  not  with  the  rest  of  the  manunals;  the  bat,  another  ex- 
tremely specialized  form,  is  in  like  manner  a  derivative  from  the 
same  common  stock  as  the  Insectivores,  and  therefore  to  be  con- 
trasted with  them  alone. 
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OBNITHODELPHIA.        I 

MOMOTBEXATA   (XIT.)  I 

DIDELPHIA. 

XABBUFIALIA  (XIII.) 


MONODELPHIA. 


(iKBDUCABILIA.) 


(bdugabilia.) 

I 


(Edentate  Series.) 

BRUTA  XII. 


(Mutilate  Series.) 


(IntectiForoiu  Series.)  (Rodent  Series.) 

I  GLIBB8  XI. 

I  I 

IBBBCTIYOBA  (x.)        CBIBOPTEBA  (iX.) 


(Primate  Series.] 

PRIMATES  I. 


8IRENIA        GBTB 
(VII.)      (viii.) 


(Ungulate  Series.) 


(Feral  Series.) 
FBRJB  (ii.) 


I  I  I  I 

PR0B08CIBBA  (TI.)     HTRAGOIDBA  (y.)      TOXODOKTIA  (lY.)      UNOULATA  (ill.) 

Sub-Class  Mokodelphia. 

Brain  with  the  cerebral  hemispheres  connected  by  a  more  or  less 
well-developed  corpus  callosum  composed  of  a  body  as  well  as  a 
folded  psalterial  portion,  and  a  reduced  anterior  commissure;  with 
a  well-developed  septum.  Sternum  with  no  element  in  front  of 
the  manubrium  or  presternum.  Coracoid  not  connected  with  the 
sternum,  but  early  anchylosed  with  ^nd  developed  as  a  simple 
process  of  the  scapula.  ,Testes  variable  in  position,  but  the  vasa 
deferentia  open  directly  or  indirectly  into  a  distinct  and  complete 
urethra  (and  not  into  a  cloacal  cavity).  Ureters  discharge  directly 
into  the  bladder  the  renal  secretion,  which  thence  passes  into  the 
urethra.  Oviducts  debouching  into  a  single  vagina.  Mammary 
glands  with  well-developed  nipples.  Young  retained  within  the 
womb  till  of  considerable  size  and  nearly  perfect  development,  and 
deriving  its  nourishment  from  the  mother  through  the  intervention 
of  a  ^placenta"  (developed  from  the  allantois)  till  birth.  Scrotum 
never  in  front  of  penis. 
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Super- Order  Educabilia, 

Brain  with  a  relatively  large  cerebrum,  behind  overlapping  much 
or  all  of  the  cerebellum,  and  in  front  much  or  all  of  the  olfactory- 
lobes  ;  corpus  callosum  (attypically)  continued  horizontally  back- 
wards to  or  beyond  the  vertical  of  the  hippocampal  sulcus,  devel- 
oping in  fr^nt  a  well-defined  recurved  rostrum. 

(Miucabilia  Quctdripedia.) 

Posterior  members  and  pelvis  well  developed.  Periotic  and 
tympanic  bones  articulated  with  the  squamosal:  etypically  free 
and  otherwise  modified  (e.g^  Tapiridce), 

{Primate  Series,) 
I.  Obdeb  Pbimates. 

Brain  with  a  calcarine  sulcus,  giving  rise  to  a  hippocampus 
minor  within  the  posterior  comu  (when  present)  of  the  ventricle. 
Members  almost  or  entirely  exserted  outside  of  the  common  ab- 
dominal integument.  Digits  with  corneous  appendages  developed 
as  claws  {i.e^  compressed)  or,  attypically,  as  nails  (t.6.,  depressed). 
First  digit  (great  toe)  of  hind  foot  (pes)  enlarged,  opposable  to  the 
others  (in  man,  resuming  parallelism  with  them),  always  furnished 
with  a  nail.  Clavicles  completely  developed.  Teeth  of  three  kinds 
(canines  of  second  set  exceptionally  atrophied),  all  encased  in 
enamel ;  molars  rooted.  Incisors  four  in  each  jaw :  etypically,  two 
—  or  all  —  in  upper -jaw  suppressed.  Placenta  deciduate,  dis- 
coidal. 

Contains  eight  families,  representing  two  sub-orders :  Akthbo- 
Pon>EA,  with  five  families,  and  Lehuboibea  with  three  families. 

SUBORDER   ANTHROPOIDEA. 

SUPSRFAMILT    BiMANA. 

1  Hominidfle. 

SUPBRFAMILT    SlMIJE. 

2  Simiide.  I  4    CebidfB. 
8    Cynopithecide.                        I  6    Midida. 

SUBORDER  PROSIML£. 

SUPBRFAMILT   LbMUBOIDBA. 

6    LemoridsB.  |  7    Taniidas. 

SUTBBFAMILT  DaNTBKTONIOIOBA. 

8    DantentoniidiB-Cbiromyidfle. 
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(JFeral  Series.) 
n.  Ordbb  Ferjs. 

Brain  with  no  calcarine  sulcus.  Legs  with  the  proximal  joints 
(humerus  and  femur)  more  or  less  enclosed  in  the  common  abdomi- 
nal integument  Digits  with  corneous  appendages  developed  as 
claws :  first  digit  of  hind  foot  attypically  reduced  or  atrophied : 
etypically  hypertrophied  (c.^.,  Pinnipedia),  Clavicles  none,  or  ru- 
dimentary. Teeth  of  three  kinds,  all  encased  in  enamel:  canines 
specialized  and  robust;  molars  attypically  adapted  for  carnivorous 
diet,  one  (^^3^)  or  more  in  each  jaw  being  sectorial,  generally  fol- 
lowed by  tubercular  ones.  Incisors  archetypically  six  in  each  jaw, 
exceptionally  two  or  more  suppressed.  Placenta  deciduate,  zonary. 
Scaphoid  and  lunar  consolidated  into  one  bone. 

Contains  nineteen  &milies,  representing  two  suborders:  Cab- 
NiYOBA  or  FissiPEDiA,  with  sixteen  families,  three  of  which  are 
extinct,  and  Pinnipbdia  with  three  families. 

SUBORDER  FISSIPEDIA. 

SUFKHrAMILT  AbLUBOIDBA. 


9 
10 
11 

FeUdiB.                                                12    Hysenide. 
CiTptoproctids.                                  18    Viyerridc. 
ProteUde.                                          14    Eupleridc. 

SUPBBTAMILT  CtHOIDBA. 

16 

CamdfB. 

SUFJEBVAMILT   AbOTOIDBA. 

16 
17 
18 

MuBteUda. 

Unidaj. 

AeluridA. 

19  Cercoteptids. 

20  Procyonidc. 

F1B8IPBDIA  IBOBBTJE  8BDI8. 

22 
28 

Simocifomdiz, 
Aretaejfonida, 

24    HycenodoiaidaR, 

SUBOHDER  PINNIPEDIA. 
(Diverpng  Series) 

SUFBBTAMILT  FbOCOIBBA. 

26 

OMidan. 

1             26    FhoddiB. 

SUFBBFAKILT  ROBXABOIDBl.. 

27    Botmarids. 

(  Ungulate  Series.) 

Brain  with  no  calcarine  sulcus.  Legs  with  the  proximal  joints 
more  or  less  enclosed  in  the  common  abdominal  integuments. 
Digits  with  corneous  appendages  developed  as  hoo&     Clavicles 
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entirely  absent.  Teeth  of  three  kinds  (canines  and  incisors  of 
second  set  exceptionally  in  part  undeveloped),  all  encased  in 
enamel :  molars  attypically  with  grinding  surfaces.  Scaphoid  and 
lunar  separate. 

III.  Order  TJNGtrLATA. 

Incisors  (archetypically  |:  often,  especially  in  the  upper  jaw,  re- 
duced in  number  or  wholly  suppressed :  implanted  by  simple  roots) 
with  incisorial  crowns.  Feet  with  inferior  (or,  ra^er,  posterior) 
surfaces  with  a  hairy  skin  continuous  with  the  rest  of  the  integu- 
ment :  carpal  bones  in  two  interlocking  rows ;  cuneiform  narrow, 
and  affording  a  diminished  surface  of  attachment  forwards  for  the 
ulna  (which  is  retrorse  beside  the  radius)  ;  unciform  and  lunar  ar- 
ticulating with  each  other  and  interposed  between  the  cuneiform 
and  magnum :  hind  foot  with  the  astragalus  at  its  anterior  portion 
scarcely  deflected  inwards,  articulating  more  or  less  with  the  cu- 
boid as  well  as  navicular :  toes  (not  more  than  four —  d  2  to  d  5  — 
completely  developed)  with  terminal  joints  encased  in  thick  hoofs. 
Placenta  non-deciduate  (diffuse  or  cotyledonary). 

Contains  twenty-nine  families,  representing  two  suborders; 
Artiodacttli,  with  nineteen  families,  of  which  eight  are  extinct, 
and  Peribsodacttli  with  ten  families,  of  which  seven  are  extinct. 

SUBORDER  ARTIODACTTLI. 
PECORA. 

SUFERTAMILT   ChALIGOTHSSIOIDBA. 

27a  Chtdkotheriidai, 

Pecosa  ttlopoba. 


28    CamelidflB. 


29    Qirafflcbe. 


PXCOBA  I7HGI7UOBADA. 
SUFBRFAMILT   GlRAVFOIDBA. 


SUPEBTAMILT  BOTIDBA. 

80  Saigiidie.  I  82    Antilocaprids. 

81  BoYidsB.  I  88    Cerridc. 

SUPEBFAMILT  TbAOULOIDBA. 

84  Tragulidc. 

Pbcoba  vnouliosaba  ikcertjb  bbdis. 

85  Siraiheriida,  |  86    Helladothenidet, 

Pecosa  dbktata. 

SUPERFAMILT  OrEODOMTOIDBA. 

87  OrwdoHtithB. 

SUPERFAIIILT  AnOPLOTHSRIOIDRA. 

88  AaojpliotheriidK,  \  89    DuMnmidm. 
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OMNIVORA. 

SUPBRFAMILT   ObBSA. 

40    Hippopotamide.  |  41    Merycopoiamida. 

SUPBRFAMILT   SbTZFBBA. 

42  Phaochoeridos.  I  44    Dicotylidae. 

43  Suidse.  I 

SUPERFAXILT  AnTHRACOTHERIOIDEA. 

45  Antkracotheriida. 

SUBORDER  PERISSODACTYLI. 

SUPERFAMILT   SOLIDUNOULA. 

46  Equidae.  |  47    Anchitheriida, 

SuPERFAMILT  RhIKOCEROTOIDEA. 

48    Rhinooerotidae.  I  49    Macrauckeniidot, 

I  60    PakBotheriidas. 

SUPBRFAMILT  TaPIROIDEA. 

61     Tapiridae.  |  62    Lophiodontida, 

SuPBRFAMlLT  PlIOLOPHOIDBA. 

63    PliolopkidoR. 

PbRISSODAGTTLI   INCERTAE   8BDI8. 

54    Ekumolkeriidai,  \  64a  Anchippodontidce, 

IV.  Obdeb  Toxodontia. 

Incisors  (J  or  J,  variable  as  to  insertion),  with  incisorial  crowns. 
Feet  ?  carpal  bones  ?  hind  foot  with  the  astragalus  at  its  anterior 
portion  inclined  obliquely  inwards,  articulating  in  front  only  with 
the  navicular ;  (calcaneum  with  an  extensive  upwards  surface  for 
the  articulation  of  the  fibula,  and  with  a  large  lateral  process  artic- 
ulating in  firont  with  the  astragalus.  Molars  of  upper  jaw,  broad 
and  extending  into  an  extemo-anterior  angle ;  of  lower  jaw,  narrow 
and  continuous  in  a  uniform  row). 

Contains  two  families,  both  of  which  are  extinct. 

56    Nesodontidae.  \  66     ToxodontidcB. 

V.  Obdeb  Htbacoidea. 

Incisors  (J)  of  upper  jaw  next  to  symphysis  (with  persistent 
pulps)  long  and  curved ;  those  of  lower  jaw  straight  and  normal 
Feet  with  inferior  surfaces  furnished  with  pads  (as  in  Rodents  and 
Carnivores)  :  carpal  bones  in  two  interlocking  rows :  cuneiform 
extending  inwards  (and  articulating  with  magnum),  and  affording 
an  enlarged  surface  of  attachment  forwards  for  the  ulna  (which  is 
antrorsely  twisted)  ;  unciform  and  lunar  separated  by  the  interposi- 
tion of  the  cuneiform  and  magnum :  hind  foot  with  the  asti-agalus 
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at  its  anterior  poition  extended,  and,  as  a  whole,  much  deflected 
inwards,  articulating  in  front  only  with  the  navicular ;  toes  (four 
to  the  front  feet,  three  to  the  hind)  with  terminal  phalanges  en- 
cased in  hoofs  (inner  nail  of  hind  foot  curved).  Placenta  decidaate, 
zonary. 

Contains  one  family. 

57  Hyracide. 

VI.  Obdbb  Pboboscidba. 

Incisors  (^,  or,  in  extinct  forms,  f  or  },  renewed  from  persistent 
pulps),  developed  as  long  tusks  curved  outwards.  Feet  with  pal- 
mar and  plantar  surfaces  invested  in  extended  pad-like  integu- 
ments, which  also  underlie  the  toes :  carpal  bones  in  two  regular 
(not  interlocking)  rows,  broad  and  short ;  cuneiform  extended  in- 
wards, broad,  and  frimishing  an  enlarged  surface  of  attachment 
forwards  for  the  ulna  (which  is  antrorsely  produced).  Unciform 
directly  in  front  of  cuneiform,  and  magnum  directly  in  front  of 
lunar :  hind  foot  with  the  astragalus  at  its  anterior  portion  very 
short  (convex),  and  not  deflected  inwards,  articulating  in  front 
only  with  the  navicular :  toes  (Ave  to  each  foot,  in  known  forms), 
encased  in  broad  shallow  hoofs.  Placenta  deciduate,  zonary. 
(Snout  produced  into  a  very  long  proboscis.  Legs  mostly  exserted 
outside  the  abdominal  integument;  and  with  the  proximal  and 
succeeding  joints  extensible  in  the  same  line.) 

Contains  two  families,  one  of  which  is  extinct. 

58  £lephantid»  |  59    Dinotheriidoe. 

{Diverging  Series.) 

{EducaMia  Mutilata.) 

{Mutilate  Series.) 

Posterior  members  and  pelvis  more  or  less  completely  atrophied ; 
the  form  of  the  body  being  fish-like,  furnished  with  a  horizontal 
tail,  and  specialized  for  progression  in  the  water.  Periotic  and 
t3rmpanic  bones  anchylosed  together,  but  not  with  the  squamosal. 

VII.  Obdbb  Sibbnia. 

Brain  naiTow.  Skull  with  the  foramen  magnum  posterior, 
directed  somewhat  downwards :  supraroccipit^l  nearly  vertical  and 
not  extending  forwards,  the  parietals  meeting  and  interposed  be- 
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tween  it  and  the  frontal.  Periotio  with  a  posterior  irregularly 
rounded  part ;  tympanic  annuliform.  Lower  jaw  with  well-devel- 
oped ascending  rami  and  normal  transverse  condyles  and  coronoid 
processes.  Lateral  teeth  molar,  and  adapted  to  trituration  of  herb- 
age. Neck  moderate ;  second  cervical  vertebra  with  an  odontoid 
process.  Anterior  members  moderately  long,  flexed  at  the  elbow ; 
with  carpal  bones  and  phalanges  directly  articulated  with  the 
adjoining  ones ;  and  with  normal  digits.  MammsB  two,  pectoral. 
(Heart  deeply  fissured  between  the  ventricles.) 

Contains  four  families,  one  of  which  is  certainly,  and  another 
probably,  extinct. 

SUPBBFAMILT  HaUCOROIDXA. 

60  Hatitheriidce.  I  62    Rhytinids. 

61  HalicoridflD.  | 

SUPSRFAMILT   TrICHXCHOIDBA. 

63  Trichechids-ManatidflD. 

Vin.  Obdeb  Cbtb. 

Brain  broad.  Skull  with  the  foramen  magnum  entirely  poste- 
rior, directed  somewhat  upwards :  supra-occipital  very  large,  slop- 
ing forwards,  and  (attypically)  extending  forwards  over  or  between 
the  frontals.  Periotic  attenuated  backwards ;  tympanic  solid,  en- 
tire. Lower  jaw  with  no  ascending  ramus,  with  its  narrow  condyles 
at  the  posterior  extremities  or  angles  of  the  rami,  and  with  only 
rudimentary  coronoid  processes.'  Teeth  (lateral)  conic  or  com- 
pressed. Neck  attypically  very  short;  second  cervical  vertebra 
with  no  odontoid  process.  Anterior  members  (attypically)  abbre- 
viated, extended  backwards  in  a  continuous  line;  with  carpal  bones 
and  phalanges  often  separated  by  cartilage ;  and  with  the  second 
digit  composed  of  more  than  three  phalanges.  MammsB  two,  in- 
guinal. 

Contains  ten  families,  representing  three  suborders;  Zbxtglo- 
DONTiA  with  two  families,  both  extinct ;  Denticetb  with  six  fam- 
ilies, one  of  which  is  extinct;  and  Mysticbtb  wifh  two  families. 

SUBORDER  ZEUGLODONTIA. 

64  BoiihtawridtB,  |  66    CjfnordcUB. 

SUBORDER  DENTICETE. 

SUPBSFAMILT  DbLPHINOIDSA. 

66  FlatanistidsB.  I  68    Delphinids. 

67  Iniids.  I  69    Ziphuds. 
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SUFBBTAMILT  PhTSBTBBOIBEA. 

70  Phjseteridge. 

SUPBBFAMILT   RhABDOSTBOIDBA. 

71  Rhabdosteida. 

SUBORDER  MTSTICETE. 

72  Balsnopteridse.  |  73    Balaenidse. 

Superorder  Inedticabilia. 

Brain  with  a  relatively  small  cerebrum,  leaving  behind  much  of 
the  cerebellum  exposed,  and  in  front  much  of  the  olfactory  lobes  • 
corpus  callosum  extending  more  'or  less  obliquely  upwards  and 
terminating  before  the  vertical  of  the  bippocampal  sulcus,  with  no 
well-defined  rostrum  in  front. 

(Insectivorous  /Series.) 

Teeth  encased  in  enamel :  incisors  (very  variable  as  to  number) 
without  persistent  pulps :  canines  present  (but  sometimes  modified 
in  form) :  molars  attypically  with  pointed  cusps.  Lower  jaw  with 
condyles  transverse,  received  into  special  glenoid  sockets.  Pla- 
centa discoidal  deciduate. 

IX.  Obdeb  Chibopteba. 

Anterior  members  adapted  for  flight :  the  ulna  and  radius  being 
united,  and  the  metacarpal  bones  and  phalanges  —  second  to  fifth 
— much  elongated ;  the  whole  sustaining  a  very  thin  leathery  skin 
arising  from  the  sides  of  the  body,  and  extending  backwards  on 
the  hind  members,  down  to  their  tarsi.     (Mammse  pectora|). 

Contains  nine  families,  representing  two  suborders ;  Fbugivoba 
with  one  family,  and  Animalivoba  with  eight  families. 

SUBORDER  ANIMALIVORA. 

SUPEBFAMILT  DbBMODOIDBA. 

74    Detmodide. 

SUPBBFAMILT   VbSPBBTILIONOIDBA. 


76  PhyllostomidflD. 

76  MormopidjB. 

77  Rhinolophids. 

78  Megadermidie. 


79  Vespertilionids. 

80  MoloflsidflD. 

81  NoctilionidflB. 


SUBORDER  FRUGIVORA. 
82    PteropodidsB. 
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X.  Obdbb  Insectiyoba. 

Anterior  as  well  as  posterior  members  adapted  more  or  less 
for  progression  on  land:  the  ulna  and  radius  entirely  or  partly 
separated:  metacarpal  bones  and  phalanges  normally  deYeloped. 
(Mammaa  abdominal :  etypically — in  Dermoptera,  <fec. —  pectoral). 

Contains  ten  families  referable  to  two  suborders ;  Debmapteba, 
with  one  family,  and  £uectivora  vera^  with  nine  families,  one  of 
which  is  extinct. 

SUBORDEB   DERMOPTERA. 

88  Gftleopithecidse. 

SUBORDER  INSECTIVORA  VERA. 

SUPEBTAMILT  SOBICOIDBA. 

84    Talpicbe.  |  86    Soricidfle. 

Sttpebvamzlt  Ebikacboidba. 

86  Erinaceidte. 

SUFBBFAMILT   CbHTBTOIBBA. 

87  CentotidaB.  |  88    Fotamogalidn. 

SuFBBFAMILT  ChBTBOCHLOBIDOIDBA. 

89  ChrysochlorididiB. 

SUPBBVAMILT  MaCBOSCBLIDOIDBA. 

90  Macro8oelidid».  |  91    Tupayids. 

Inbbotiyoba  ibobbtjb  bbdis. 
92    LepHeUdm, 

{Rodent  Series.) 
XI.  Obdeb  Glibes. 

Teeth  encased  in  enamel :  incisors  (f ;  exceptionally,  also  two 
supplementary  posterior  teeth)  continually  reproduced  firom  per- 
sistent pulps,  and  growing  in  a  circular  direction :  canines  null : 
molars  attypically  with  ridged  surfisuses.  Lower  jaw  with  condyles 
longitudind,  and  not  received  in  special  glenoid  cavities,  but  glid- 
ing freely  backwards  and  forwards.  Members  and  feet  ambulato- 
riaL    Placenta  discoidal  deoiduate. 

Contains  sixteen  fimiilies,  representing  two  suborders:  Sdcfli- 
ciDENTATi,  with  fourtecu  families,  and  Duplicidbntati,  with  two 
families. 

SUBORDER  SIMPLICIDENTATI. 

SiTFBBFUIILT  LOPHIOMTOIDBA. 

98    Lophiom3ridflB. 
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SUPBBFAMILT  MtOIDBA. 

94    Pedetids.  I  96    Jacnlicbe. 

96    DipodidiB.  |  97    Murid». 

SUPSBFAMZLT  MtOXOIDEA. 

98  Myozids. 

SUPBBVAMILT   SaCCOMTOIDXA. 

99  Saocomyidse.  |  100    Geomyida. 

SnPBBFAMILT    CaBTOSOIBBA. 

101  Castoridae. 

Sttfbbfamilt  Soiuboidba. 

102  SciuridflB. 

SUPBBBAMILT  AXOMALUBOIDBA. 

108    Anomnluridc. 

SuPBBFAMILT  HaPLOODOKTOIDBA. 

104    HaploodontidjB. 

SUPBBVAMILT  HtSTBICOIDBA. 


106    Spolacopodids. 

106  Hystridds. 

107  Dasypioctids. 


108  Caviids. 

109  HydrochceridflD. 

110  ChinchiUide. 


8UPER0BDER  DUPLICIDENTATL 
111    Leporidae.  |  112    Lagomyids. 

(JSdentate  Series.) 

XII.   OSDEB    BbITTA. 

Teeth  (when  developed)  not  encased  in  enamel :  incisors  typi- 
cally absent  (lateral  present  in  Dasypus) :  molars  variable :  mem- 
bers and  feet  ambulatorial  (modified  often  for  grasping  and  digging). 
Placenta  variable  (disooidal  deciduate  in  Orycler<^f>odid€B  and  Doty- 
podidcB/  difiuse  deciduate  in  Manididm ;  and  cotyledonons  non- 
deciduate?  in  BradypodidoB), 

Contains  nine  families,  representing  five  suborders.  Vsbmilin- 
ouia,  with  one  family;  Squamata,  with  one  family;  FoDiBimAy 
with  one  family;  Tabdigbada,  with  two  families,  one  of  which  is 
extinct,  and  Lobicata,  with  three  families,  one  of  which  is  extinct; 
also,  one  extinct  family  of  undetermined  afiinities. 

SUBORDER  YERMILINGUIA. 
118    MyrmecophagidiB. 

SUBORDER  SQUAMATA. 
114    ManididaB. 
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SUBORDER  FODIENTIA. 

115  OrycteropodidfB. 

SUBORDER  TARDIGRADA. 

116  BmdTpodidBB.  |  117    Megatheriida. 

SUBORDER  LORICATA. 
118    Dasypodidae.  |         .     120    ffophphoridcB. 


119    ChlamydophoridiB. 

BrUTA  IKOBXTJS  8BDIB. 

121  AncyloiheriidcB, 

SubcUzss  IHddphia. 

Brain  with  the  cerebral  hemispheres  chiefly  connected  by  a  well, 
developed  anterior  commissnre,  tl^e  corpus  callosum  being  rudi- 
mentary, and  with  a  moderately  developed  septum.  Sternum  with 
no  element  in  front  of  the  manubrium.  Coracoid  not  connected 
with  the  sternum,  but  early  anchylosed  with  and  developed  as  a 
simple  process  of  the  scapula.  Oviducts  debouching  into  separate 
vaginas.  Testes  chiefly  abdominal ;  vasa  deferentia  opening  into  a 
distinct  urethra.  Ureters  discharge  directly  into  the  bladder  the 
renal  secretion,  which  thence  passes  into  the  urethra.  Mammary 
glands  with  well-developed  nipples.  Young  born  when  of  very 
small  size  and  imperfect  development ;  never  connected  by  a  pla- 
centa with  the  mother,  but  attached  by  her  to  the  nipple  when 
bom,  from  which  the  milk  is  forced  by  herself  into  the  mouth  of 
the  young.    Scrotum  in  front  of  penis. 

XIII.  Obdeb  Mabsupiaua* 

Only  order  of  the  subclass.  Contains  thirteen  fiunilies,  referable 
to  four  suborders:  Rhizophaga,  with  one  family;  Stndactylx, 
with  seven  families,  two  of  which  are  extinct;  Dastubomobphia, 
with  two  families ;  and  Didslphimobphia  with  one  fEimily ;  also 
two  extinct  families  of  doubtful  affinities. 

SUBORDER  RHIZOFHAGA. 

122  Fhafoolomyidse.  ^ 

SUBORDER  SYNDACTYLL 
(Paphaga,) 
128    MacropodidsB. 

A.  A.  A.  B.  VOL.  XX.  89 
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( Carpophaga.) 


124  Tanipedidn. 

125  PbalangstidfB. 

126  FhaacokrctidBB. 


127    DiprolodontideB, 
128*   ThUacdeonida. 


{Entomophdga,) 


129    PeramelidA. 

SUBORDEB  DASYUBOMORPHIA. 
180    Dasyuridfle.  |  181    MyrmeoobiidaB. 

SUBOBDEB  DIDELPHIMORFHIA. 
182    Didelphidide. 

MaXSITPIALIA  INCBBTJB  BXDI8. 

188    Plogiauladda.  |  184    DromoOerUda. 

Siibcla$s  OrnUhoddphicu 

Brain  with  the  cerebral  hemispheres  chiefly  connected  by  a  well- 
developed  anterior  commissure,  the  corpus  callosum  being  very 
rudimentary,  and  with  no  defined  psalterial  fibres ;  with  the  septum 
very  much  reduced  in  size.  (Flower.)  Sternum  with  a  peculiar 
T-shaped  bone  (the  epistemum  or  interclavicle)  in  advance  of  the 
manubrium  or  presternum.  Coracoid  extending  from  the  clavicle 
to  the  sternum,  and  only  towards  maturity  anchylosed  with  the 
scapula.  The  oviducts,  enlarged  below  into  uterine  pouches,  but 
opening  separately  from  one  another  (as  in  oviparous  vertebrates), 
debouch,  not  into  a  distinct  vagina,  but  into  a  doacal  chamber, 
common  to  the  urinary  and  genital  products,  and  to  the  freces. 
Testes  abdominal  in  position  throughout  life,  and,  the  vasa  defer- 
entia  open  into  the  cloaca,  and  not  into  a  distinct  urethral  passage. 
Ureters  pour  the  renal  secretion,  not  into  the  bladder,  which  is 
connected  with  the  upper  extremity  of  the  cloaca,  but  inta  the 
latter  cavity  itself.  Mammary  glands  with  no  distinct  nipples. 
(Huxley.) 

-XIV.  Obdeb  Monotbkmata. 

Only  order  of  the  subclass.    Contains  two  families. 

186    TachygloflBidae.  |  186    Omithorbyoduds. 
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4.  NiTifBBic   Relations  of    the   Vsbtbbbatb   Ststbh.  —  By 
T.  C.  HiLOABD  of  St.  Louis,  Missouri. 

Thsbb  are  five  (not  four  only)  complete  neural  arches  to  the 
cranium  of  all  vertebrate  animals,  to  wit :  (1)  The  condylar  or 
sensitive  belt  with  the  condyle  plates  for  side  ribs  and  the  lower 
arch  of  the  tranwersefy  bipartite  occiput  for  its  vault  pieces ;  (2)  the 
petrosal  or  acoustic^  containing  the  auditory  nerves  in  its  side 
beams  (easily  detected  by  removing  the  ear  drum  of  Felines,  Ac), 
and  overarched  by  the  anterior  belt  of  the  occipital  squama ;  (3)  the 
parietal  belt  originally  containing  the  true  gustative  nerve  of 
fixed  tastes  (sour,  sweet,  salt,  and  bitter,  the  glosso-pharyngeal),  in 
an  incision ;  from  which  it  is,  however,  soon  crowded  out  by  the 
internal  carotid  artery  and  the  overlapping  ^acoustic  rib  blade." 
The  next  (4)  is  the  optic  or  frontal,  visibly  succeeded,  in  fishes,  by 
(5)  the  ethmoidal  or  olfactory  vertebra.  The  rest  of  the  cranium 
is  formed  by  its  '^  extremities ""  or  prehensile  appendages. 

The  same  numeric  law  which  pervades  the  entire  vegetable  king- 
dom reoccurs  in  the  human  &bric  in  a  very  marked  manner. 

The  number  of  ^  radiating  elements  '^  in  a  coil  or  whorl,  or  of 
whorls  in  a  cycle,  or  in  cycles  generally  speaking,  as  in  pine  cones 
and  fiower  buds,  ^bc,  are  the  following : 

1,  2,  8,  6,  8, 13,  21,  34,  55,  89, 144,  &C.,  progressing  by  the  sum- 
mation of  the  last  two  numbers. 

The  bands  or  parallel  coils  of  flowers  or  scales  in  pine  cones, 
sunflower  discs,  &C.,  embody  these  numbers  successively,  as  they 
grow  steeper  and  steeper,  alternately  on  the  right  and  left.  The 
ver^cal  bands,  or  columns,  give  the  number  of  radial  organs 
involved  in  each  cycle. 

The  explanation  heretofore  given  by  me  is  this,  that  one  element 
generates  the  other. 

The  elements  are  radial ;  they  are  bilateral  rays,  with  a  rift,  so 
to  speak,  on  the  opposite  side.  It  is  there,  where,  in  a  like  manner 
as  the  seed-leaves  of  flowering  plants  produce  prolific  ^  ovules," 
new  radial  organs  are  developed  from  the  preceding  ones, — later- 
ally at  alternate  heights  and  toward  the  wider  spaces. 

This  process,  referred  to  the  radial  organs  of  plants  in  an  early 
stage,  will  yield :  — 

1.  The  numbers  of  parts  in  question,  successively. 
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2.  The  peculiar  law  of  interpolations  or  of  "  divergence ;  viz^ 
by  a  number  of  interstices  represented  by  the  second  preceding 
one  of  each  cyclar  number. 

3.  It  will  conchide  the  cycles,  if  it  be  supposed  that  the  activity 
of  each  junior  member  depends  on  that  of  its  progenital  one ;  as 
in  all  cases  of  simple  branch  developments. 

These  numbers  occur  in  like  manner  in  the  human  firame,  aa 
follows : 

Inclusive  of  the  terminal  (ossified  or  gristly)  coccygeal  element, 
we  have  exactly  thirty-four  spinal  vertebrae.* 

Classifying  nerves  by  their  worhf  or  "function,'*  we  find— 

8  pairs  of  cervical  nerves  (neck). 

5  pairs  of  bracchial  nerves  (arms). 

8  pairs  of  pedal  nerves,  composed  of  8  crural  (lumbar)  and  5 
ischiadic  (sacral)  ones. 
18  pairs  of  nerves  to  the  rump. 

6  specific  ones  of  the  cranium  — 

84  in  all ;  whereas  the  number  of  the  spinal  vertebras,  which  in- 
close  the  spinal  cord,  is  exactly  21. 

There  are  five  pidrs  of  "extremities,''  organiased. after  a  common 
plan :  (1)  the  lower,  (2)  the  upper,  (8)  the  temporal  (bearing  the 
lower  jaw  for  a  "member"),  (4)  the  palate-facial,  with  the  upper 
jaw  for  its  "member,"  (5)  the  opercular  or  hyo-tympanic  one, 
forming  the  gill-lid  in  fishes  or  the  tympanic  ossicles  in  man ;  and 
the  digital  extremity  of  which  is  gradually  converted  into  the 
(hand-Uke)  crimped  (external  and  internal)  cartilages  of  the  ear. 

The  five  pair  of  haemal  arches  of  the  cranium,  t.6.,  the  gUl 
arches  of  fishes,  are  gradually  transformed  into  the  gristles  of  the 
guUety&c. 

The  main  variation  consists  in  the  varying  but  "cyclar"  num- 
ber of  "rttys,"  —  fingers,  Ac;  the  varying  cyclar  number  of  their 
joints  (1,  2,  5,  8,  18  respectively,  in  a  dolphin,  with  five  carpals, 
instead  of  eight,  as  in  man)  and  the  varying  cyclar  number  of 
"  loose  "  ossicles,  such  as  carpals^  tarsals^  teethy  Ac  The  number 
of  spinal  vertebrae  is  also  variable,  but  not  that  of  the  cranial  ones. 

The  vertebral  blocks,  as  well  as  the  ribs,  are  the  product  of  the 
primitive  axial  series  of  (intervertebral)  discs,  each  of  which,  when 
completely  arrayed,  bears  five  branches ;  viz.,  two  pair  of  haemal 
arches,  two  pair  of  neural  arches,  and  a  fascicle  of  parallel  deets, 

*  The  "  epistropheaa  toUh  "  belongs  to  the  cranial  ayatem. 
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80  to  speak,  which  being  cemented  together,  both  in  front  and 
rear,  by  the  superficial  ossification  of  the  discs  at  either  end,  are 
frised  into  the  block  pieces,  as  found,  e.g^  in  the  young  hog ;  the 
cementing  slab  covering  the  big  neural  rib  head  likewise,  and  not 
only  the  pentagonal  prismatic  block.  The  first  disciform  ossifica- 
tion we  find  in  the  corals,  forming  cribrose  ethmoidal  discs,  such  as 
the  closely  set  ^  sigillate  impressions  "  of  the  Astrsea,  and  after- 
wards left  behind  as  the  coccyx,  e.ff^  of  Cyathophyllum. 

In  the  crustaceans,  we  find  each  member  composed  of  a  cor- 
responding number  of  radii;  viz^  the  muscles,  externally  indu- 
rated (like  nails,  hoo&,  and  the  shells  of  mollusks).  In  the  joints  of 
the  lobster  we  find  a  commencement  of  central  ossification  indi- 
cated. 

The  numeric  genesis  requires  a  radiating  bilateral  organ  to  start 
on.  Sdf'repetition  engenders  the  spiral  coil  around  an  imaginary 
axis.  The  radiate  type  thence  results.  It  is  observed  in  fungi,  in 
the  toadstool's  psaltered  leaves,  and  in  the  ground-star.  It  is 
emphatically  the  type  of  the  mose^  and  of  all  buds  in  general.  In 
fruits  and  flowers  the  axial  extension  disappears  almost  entirely. 

Flowers  are  essentially  radicUe  organizations.  So  are  the  viscera 
of  all  animals,  from  the  lowest  Radiata  to  the  highest  Yertebrata. 
The  organs  of  fructification  are  the  only  points  of  departure  for  a 
comparison  between  the  two  kingdoms. 

Floral  stratification  is  fivefold :  (1)  the  calycine,  (2)  the  lym- 
phatic-erectile or  floral  cycle  proper,  «.€.,  the  petals,  (3)  the  generative 
cell,  or  pollinary  anther,  (4)  the  pod-leaves,  (5)  the  seed.  The  pod 
is  crowned  with  a  fringed  stigma,  which  receives  and  conducts  the 
loose  produce  of  the  anther.  A  thin  cross-section  of  the  apple 
exhibits  this  fivefold  stratification  in  a  camified  condition.  The 
projecting  angles  are  here  derived  from  the  second  or  lymphatic- 
petaliferouB  series.  The  fiat  sides  terminate  into  the  calycine  lobes 
of  the  coronet.  The  intercapsular  bolsters  are  due  to  the  third  or 
antheric  series  of  the  apple-flower. 

Correspondingly,  all  the  animal  generative  viscera  —  and  again, 
conformably,  the  assimilative  ones — are  composed:  (1)  of  the 
etUaneotts  lobes  or  ^visceral  arches'' — misinterpreted  for  '' haemal 
rib-arches"  (by  a  faulty  comparison  with  giUrarches*) ;  (2)  the 
erectile  mucous  layers,  (3)  the  glandtdar  series,  (4)  the  lUriculary 
(5)  the  embryonic, 

•  In  the  fishes,  both  the  "  Tifcend  "  and  the  "gill  "-arches  are  at  once  present. 
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The  pelvic  or  generatiye  viscera  accord  with  the  prevalent  xiiim* 
ber  of  monocotyledons,  8  or  twice  8  (=  6).  There  are  three 
*' utricnlar '^  organs,  centring  on  the  same  point:  the  (mesial) 
bladder  and  (conjugate  pair  of)  seminal  (uterine)  horns  or  vesiclea 
In  likeness  of  a  capsule,  each  is  crowned  with  a  suction-hose  in 
analogy  to  the  stigma  of  the  vegetable  generative  apparatus.  The 
bladder,  in  its  original  condition,  is  crowned  with  Uie  placentary 
sponge ;  the  uterine  horns  with  the  fringed  titbm  (the  male  qpi- 
didymis).  Each  has  its  corresponding  gland,  i.e.,  a  mass  of  con- 
globated cells,  of  specific  functions :  the  bladder  joins  the  liver  by 
the  open  ttrcu^hus  —  subsequently  the  ^  round  "  liver-ligament ;  the 
uterine  horns  join  their  respective  glands — the  "  ovaria  "  proper  ^^ 
by  their  tubas.  Two  kidneys  send  their  channelled  pedicels  —  the 
ureters  converging  to  the  same  central  spot,  —  alternating  with 
the  others.  The  spleen  originally  obtains  the  anterior  position,  but 
is  crowded  out,  as  the  ^  animal  leaf"  closes  up  in  front. 

The  testes,  it  is  well  known,  in  animal  embryology  are  at  first 
identical  with  the  female  ovaries ;  and  both  are  the  true  homdogtiee 
of  the  anther  of  flowers.  The  seminal  vesicles,  and  correspond- 
ingly the  uterine  horns  (the  bladder),  are  the  homologues  of  the 
(tUricfdar)  pod4eave8. 

It  is  clear  that  the  reception  of  the  pollen  is  strictly  homologous, 
thus  fitr,  with  the  conception  of  the  female  ^  ovum  "  at  each  period 
of  menstruation.  In  a  like  manner,  the  male  receives  the  seminal 
cells  into  the  seminal  utricles.  A  difference  obtains  in  this,  that  the 
flower  directly  matures  its  own  conception  as  a  single  glandular 
educt;  whereas  all  animals,  even  the  ^hermaphrodite"  snails 
(which  secrete  both  the  semen  and  the  ovum  from  one  identical 
gland)  require  two  different  kinds  of  secretions^  —  a  yolk  and  a 
semeny  —  both  from  homologous  organs.  This  double  nature  of 
the  ovarian  and  testicular  gland  constitutes  sexual  diversity  or  fti- 
sexual  generation.  Flowering  plants,  therefore,  have  only  a  urn- 
sexual  generation ;  t.6.,  no  sexual  difference,  at  all.* 

In  every  case  of  comparison,  the  comparison  must  be  true,  «.€., 
consistent.  Our  present  sexual  nomenclature  and  interpretation 
of  floral  parts  is  hence  a  foregone  conclusion,  based  on  erroneous 
ideas  of  animal  forms  and  frinctions. 

All  these  organs  originally  centre  in  the  cloaca  or  tubular  rectum 
(colon)  :  the  muscular  bars  or  ^  striae  "  whereof  issue  into  the  utero- 

*  FiroceediDgi,  1871,  p.  826,  footnote. 
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yedoal  mnseolar  sheets.  Its  vasoular  plexus  continue  into  the 
erecHle  or  "  cavernoos  "  bodies.  The  internal  or  glandular  stratum 
of  the  intestine  is  difiuse.  It  probably  represents  the  (missing) 
sixth  gland,  if  the  spleen  be  apportioned  to  the  fetal  liver. 

The  upper  or  assimilative  viscera  of  animals  likewise  conform 
to  this  type.  There  are  the  ^ve  "visceral  lobes," — no  ^hasmal 
arches  ^  proper, — the  frontal,  buccal  and  mammal  ones ;  alternating 
with  as  many  mucous  membranes:  the  conjunctival,  the  tympanic 
and  the  lingual  (oral) ;  all  meeting  at  the  fauces-tympanic  ducts, 
lachrymal  ones  (cloacal),  and  the  throat  or  buccal  cavity.  Each  is 
provided  with  a  set  of  introverted  glands,-*  the  lachr3mial,  tonsils, 
and  the  lungs,  respectively;  while  the  cutaneous  lobes  (or  so- 
called  visceral  arches)  contain,  —  (1)  the  frontal  one,  the  brains ; 
(2)  the  two  buccal  ones,  the  parotids ;  (8)  the  mammal  ones,  the 
mammarian  glands;  five  conglobations  of  ptmctiform  cell^issttes 
of  **  specific  "  functions,  as  with  all  glandular  bodies  in  general. 

In  Vertebrates,  the  refiexed  frontal  lobe  becomes  the  domineer- 
ing ray,  forming  the  entire  embryonic  hiatus^  or  neural  archway 
from  the  nose-tip  to  the  coccyx.  In  its  entire  length,  it  cleaves  to 
the  disciformly  dissected  spinal  column  and  all  its  osseous  append- 
ages, and  thus  by  suturing  its  own  borders,  it  is  well-known, 
envelops  the  rest  of  the  truly  radiatej  visceral  fabric. 

In  the  star-fishes,  the  "  cutaneous  "  'lobes  are  intracted^  (as  in 
the  apple),  t.e.,  the  seams  bulged  out  into  "rays"  by  the  mucous 
system  of  entrails,  alternate  to  its  crown-lobes,  —  the  rays  being 
formed  of  two  opposite  borders.  Each  of  these  borders  —  as  with 
the  "animal  leaf"  of  vertebrate  animals — bears  a  compact  mar- 
ginal series  of^t^^/b/c^ossification  of  primitive  nuclei :  (1)  a  ^head^ 
or  prop,  (2)  a  "  blade  "  or  main  lever,  (3)  an  "  angulus  "  or  side- 
wise  crank :  the  "  transverse  process,"  so  called,  (4)  an  artJi^  and 
(5)  a  eternal  ossicle,  meeting  its  partner  from  the  other  side.  It  is 
thus  the  biseriate  "  sternal  plates  "  of  Radiata,  as  well  as  the  true 
"  sternum  "  of  Vertebrates,  are  formed.  In  cases  of  ectopia  cordis^ 
the  sternal  series  remain  thus  far  separate  even  in  man.  Calves 
grown  together  frontwise  bear  two  stemums,  one  on  each  side, 
either  of  them  formed  from  two  opposite  individuals,  meeting  by 
halves. 

Both  the  "  haemal "  and  the  "  neural "  visceral  archways  of  verte- 
brata  are  supported  by  similar  beams,  meeting  from  either  side. 
Each  has  (1)  a  head  or  prop,  (2)  a  blade,  (3)  a  transverse  pro- 
cess, (4)  an  arch  or  "  spine,"  and  (5)  a  sternal  —  when  complete. 
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In  birds,  these  parts  are  seen  sufficiently  distinct  and  to  perfec- 
tion. In  fishes,  all  the  nuclei  are  mostly  separate.  The  rib-heads 
(square  in  the  herring)  bear  the  spiniform  blades,  and  often  the 
transversals,  and  are  oppressed,  inserted,  or  transversely  soldered 
upon  the  vertebral  ^  blocks.^'  The  latter  are  hour-glass  shaped  in 
fishes,  but  pentagonal  prismatic  with  the  higher  animals.  In  the 
young  hog,  &c^  they  still  separate  from  the  heavy  block-shaped 
dorsal  (neural)  ^  rib  ''-heads,  but  afterwards  get  cemented  together 
by  a  peripheric  ossification  —  fore  and  rearward  —  of  the  primitive 
intervertebral  discs.  It  is  thus  that  the  ^  corpus  "  of  each  vertebra 
is  formed  of  at  least  three  parallel  central  elects ;  viz.,  the  prismatic 
part  enclosed  between  two  neural  rib-heads,  and  the  two  terminal 
slabs. 

The  gill-arches  are  formed  like  true  ribs,  but  in  the  higher 
animals,  it  is  well  known,  they  become  transformed  into  the  gristly 
supports  of  the  (introverted)  respiratory  gland,  —  or  lungs  and  the 
larynx.  In  the  cat,  first  it  resembles  the  carapace  of  a  turtle.  The 
rib-'' heads"  are  of  the  shape  as  of  a  clavicle.  The  ''blades"  are 
broad  and  leaf-like,  joining  closely  (although  not  suturing,  as  in 
the  cranium  of  vertebrate  animals  in  general,  and  in  the  turtle- 
carapace).  The  "  transverse "  process  is  lodged  backward  in 
either ;  joining  the  neural  spine,  in  the  turtle.  In  other  animals 
the  end  of  the  rib-blade  itself  invariably  joining  the  "head  or 
prop ")  at  an  angle^  projects  as  the  "  tuberculum  costs."  In  the 
turtle,  the  sejunct  "angulus"  or  third  element  joins  the  spine.  The 
arch-pieces  (or  "  spinal "  processes,  so-called)  in  the  turtles  form 
the  tabulate  border-seam  of  the  carapace,  similar  to  those  of  the 
catfish  gill-arches ;  and  the  enlarged  (and  partly  sejunct)  sternaU 
form  the  lower  shield  of  turtles^  as  they  form  the  "sternum"  of 
birds,  likewise. 

The  five  pairs  of  "extremities"  ofier  similar  relations.  Each 
complete  pelvis  consists,  beside  the  sacral  or  vertebral  part,  on 
either  side  of^t;^  distinct  bones :  (1)  an  "  ischium,"  (2)  an  "  ileum," 
(3)  an  "OS  pubis"  (transversal),  (4)  a  separdlte  "  tuberositas  ischii " 
(young  dog,  &c^)  and  (5)  a  separate  "  crista  ilei."  Conformably, 
each  complete  shoulder,  likewise  consists :  (1)  of  a  clavicky  prop- 
ping the  shoulder-joint  by  its  abutment  against  the  sternum ;  (2)  a 
Aovlder-blade ;  (3)  a  coracoid  or  "crank"  (transversal);  (4)  a 
"  spina  scapulas ; "  and  (5)  a  separate  marginal  cartilage  when  ossi- 
fied, visibly  sutured  or  jointed  to  the  border  of  the  blade. 

In  moles,  the  clavicle  becomes  an  anvf^haped  block,  abutting 
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on  the  keel-shaped  sternam,  as  in  birds.  In  birds,  the  strong,  anvil- 
shaped  shoulder  prop  is  the  true  clavicle.  The  '^furcular''  bones 
hardly  touch  the  sternum,  and  can  only  be  identified  with  the 
coracoid.  The  rest  remain  gelatinous.  In  fishes,  the  shoulders 
form  a  ring.  The  anvil-shaped  or  skate-like  bone,  resembling 
strictly  an  ischium,*  is  the  true  clavicle  of  fishes.  The  strong 
^^  blades  "  pass  it,  and  meet  underneath  the  gullet  by  their  ends  or 
"  tuberculum  "  (as  of  ribs).  The  fourth  ("  spinal "  )  and  Jifih 
(apical)  ossicle  here  follow  in  linear  succession ;  as  with  the  ribs,  or 
the  ^  long"  bones  (humerus,  femur)  either,  being  drawn  out  in  an 
axial  sense.  As  for  the  pelvic  bones,  the  4th  element  (or  tuberosi- 
tas ischii)  cleaves  to  the  1st,  from  which  it  is  supposed  to  have 
sprung,  by  dint  of  numeric  genesis;  while  the  5th  (or  <* crista 
ilei")  clings  to  the  2d  (its  lawful '' progenitorial  nucleus''). 

In  mammals,  as  in  fishes,  the  temporal  attachments,  readily 
identified,  e.g^  in  the  cyprinoid  skull  (bufialo-fish),  and  inserted 
into  the  cranium  as  in  mammals,  consists :  (1)  of  an  anvil-shaped 
(swallow-tailed)  ^meatus  osseus ;''  (2)  a  temporal  blade, or  ^  squa- 
ma ; "  (3)  a  posterior  crank,  or  "  mastoid,"  —  its  "  transverse  pro- 
cess "  (whereon  the  shoulder-ring  of  fishes  hangs) ;  (4)  a  postern 
intercalary  (or  ^  tuberoutas"  as  of  the  ischium)  of  the  meatus-bone ; 
(5)  a  zygomatic  intercalary.  In  these  fishes,  the  temporal  attach- 
ments bear  the  closest  resemblance  to-  a  mammal  pelvis. 

In  all  mammals,  the  lower  jajr  swings  on  the  temporal  supports, 
completing  this,  the  masseteric  extremity. 

That  the  gill-lids,  or  opercular  bones,  of  fishes  are  the  tympanic 
bones  of  mammals,  is  acknowledged  in  their  nomenclature.  Com- 
paring the  "  incus  "  of  a  hog  with  the  "  tympanic  pedicle  "  of  a 
small  buffalo-fish,  affords  a  good  starting  point.  It  forms  the 
abutments,  prop^  or  ^'  head"  (1).  The  blade  (2)  is  the  opercular 
bone,  or '< malleus"  (8).  The  transversal,  '^uncinate  element"  (or 
stapes)  is  agglutinated  forward  as  a  crooked  or  semi-lunar  slab.  Nos. 
(4)  and  (5)  play  the  parts  of  a  ^' spina  scapulas"  and  ''marginal" 
on  the  malleus  or  opercle  (as  comparable  to  a  shoulder-blade). 
They  form  the  "  false  tympani"  and  "styloid"  process  respectively. 
The  prehensile  levers,  immediately  attached,  are  the  "  hyoid  "  bones, 
with  the  "^  opercular  fin  "  for  its  hand^  so  to  speak.  In  the  cod-fish, 
this  apparatus  is  drawn  out  into  a  slender  shape,  half-way  between 

*  In  the  bufialo-fish  it  presents  strikingly  the  form  as  of  an  ischiom  and  arciM 
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that  of  a  shoulder  and  a  ^  rib,"  —  as  the  comparison  is,  with  refer- 
enoe  to  the  first  point  of  departure. 

Remains  the  palate-facial  extremity. 

The  ^pterygoid"  bones  of  mammals  are  readily  identified  occu- 
pying the  same  position  at  the  base  of  the  skull  in  birds,  likewise. 

Its  type  can  be  immediately  paraphrased,  by  bending  down  the 
wings  of  the  same  bird-skeleton,  so  as  to  meet  with  the  elbows 
at  the  sternal  crest.  On  a  smaller  scale,  the  strong,  external  pala- 
XsHprop^  or  anvil — the  ^  lamina  pterygordea  externa  "  of  the  bird 

—  again  repeats  the  type  of  the  (true)  clavicle  (shoulder-prop)  of 
birds.    It  is  the  much  renowned  ^'  os  quadratum.'' 

Follows  the  ifUemcUpL  lamina  in  the  semblance  of  a  humerus; 
the '' ossa  palatina"  as  the  '^ radii;''  the  confluent  vomeric  leaves 

—  one  from  either  side — as  the  "ulnary"  corresponding  parts. 
By  means  of  an  uncinate  process  (the  ^hamulus''  of  manunals) 
the  zygomxUic  '^  blade  "  is  joined  to  this  ^^  palatal  shoulder."  In 
fishes,  where  exactly  the  same  bones  are  found  (removed  from  the 
skull  base,  fronting  the  opercle),  the  zygomatic  blade  or  '^pre- 
opercular"  is  crested,  &c.,  like  a  true  shoulder-blade.  In  both 
classes  the  palatal  ^  prop,"  besides  directly  issuing  into  the  palatal 
^  extremity,"  so  to  speiJc,  bears  the  mandible  likewise,  —  which  is 
dislodged,  and  oply  suspended  from  the  temporal  bones.  In  mam- 
mals, it  swings  on  the  zygomatic  process,  in  many  on  the  osseous 
^  meatus ; "  in  birds  and  fishes,  on  (he  '^pterygoids." 

In  amphibia,  both  the  strong  (cleidoid)  ^^meahu^^  and  the 
(cleidoid)  ^pter,  ext.^  bear  the  mandible  conjointly,  being  mutually 
agglutinated. 

In  fishes,  the  vomeral  plates  from  either  side  remain  separate^  as 
supports  of  the  oral  vault  which  contains  the  gill-arches.  In  the 
pike,  particularly,  a  five-fold  system  of  palatal  digits^  so  to  speak, 
forms :  (1)  the  intermaxillary  stumps ;  (2)  the  long  labial  bones,  or 
"^  antrum  tnberositatis,"  being  a  two-jointed  digit ;  (8)  the  alveolar 
beams ;  (4)  the  phalangoid  series,  or  nasal  *'  alaB,"  surrounding  the 
orbit;  (5)  the  '' processus . nasalis  max.  sup.,"  "os  lachrymale," 
^^nasale,"  &c.  In  fishes  the  palatal  shoulder  apparatus,  bearing 
both  the  upper  and  (by  displacement)  the  lower  maxillaris,  con- 
sists of  a  ^  pter.  ext."  with  a  ginglymus ;  backed  by  the  true 
zygomatic  (preopercle)  alid  a  wedge-shaped  "  hamulus."  The  entire 
opercular  system  is  here  intercalated  between  the  temporal  bones 
above,  and  the  palatal  ones  below;  all  being  expanded  into  a 
barrel-shaped  vault  for  harboring  the  gill-arches. 
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It  will  at  once  be  understood  that  the  ^*  petrosal  hone^^  as  an 
independent  beam,  is  no  prehensile  attachment ;  but,  enclosing^  as 
it  doesj  the  semicirctdar  cancUSy  in  all  classes,  fishes  included,  it  is 
by  no  means  a  ^  posterior  "  supernumerary  or  third  (sic)  sphenoidal 
wing ;  but  offering,  as  it  does,  all  the  characteristics  of  a  rib-arch 
requires  to  be  explained  as  the  (true)  ''  acoustic  "  neural  arch-beam* 
Its  ''head,''  or  condyle^  is  easily  detected  in  all  foBtal  mammal 
skulls,  and  denuded  by  removing  the  compound  '^eai^drum"  (the 
superimposed  "^  mastoid  "  and  ^  meatus  osseus  '^  I ).  It  harbors  the 
^  cochlea."  Its  blade  proper  is  the  petrosal  slab  itself  prolonged  as 
a  **  tubercle  "  into  the  exostoses,  which  ai^rward  form  the  carotic 
channel,  hiding  its  "  condyle  "  fix)m  view.  Its  **  uncinate  process," 
or  transverse  hook,  is  the  ''processus  vaginalis;"  corresponding, 
in  that  quality,  to  the  "processus  jugularis "  of  the  rearmost  and 
truly  vital  {sensitive;  motor  and pneumogastric)  condylar  vertebra 
of  the  vertebrate  skull. 

Besides  the  original  embryonic  spinal  hiatus^  the  foetal  skull 
shows  the  "squama  occipitalis"  to  be  octo-partite ;  representing 
as  it  does  the  4th  and  6th  (apical)  ossicles  of  Puso  pairs  of  neural 
arches^  —  (1)  the  "  motor  "  condylar  and  (2)  the  "acoustic." 

Conclusions. 

There  being  no  vacant  vertebral  blocks  left  to  account  for,  as  to 
their  "hasmal  and  neural  arches,"  the  five  pairs  of  extremities  can- 
not  be  claimed  as  such. 

The  "  transversal  precedes "  of  each  and  all  having  been  ac- 
counted  for,  there  is  no  space  left,  to  claim  the  prehensile  levers  as 
"  their  transverse  processes  "  1 

The  "  occipital  squama  "  having  been  accounted  for  as  an  actually 
octonary  bone,  it  can  in  no  wise  be  construed  as  an  "  odd,"  single, 
and  supernumerary  "key-stone"  (Owen). 

The  piscine  temporal  bones  being  found  in  exactly  the  same 
relative  position  as  with  all  other  vertebrate  animals,  they  cannot 
be  claimed  as  "  transverse  processes  "  of  a  deficient  number  ("  four  ") 
of  cranial  arch-beams. 

The  transverse  processes  of  each  of  the^t;^  neural  arches  having 
been  located,  the  true  temporals  cannot  be  required  to  fill  their 
place,  —  there  being  no  vacancies  to  fill  I 

The  second  side-slab  (from  behind)  of  fishes  containing  the 
"  semicircular  canals,"  the  former  are  no  "  sphenoidal  alie  "  by  any 
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means;  which,  if  so,  would  simply  imply  —  what  it  is — one  ver^ 
tebra  more  to  be  accounted  for. 

In  reptiles,  the  last  neural  arch  and  ^  block  "  of  the  spinal  col- 
umn proper  is  slipped  ojff\  and  '^ts  ambit  filled  with  flesh."  It  is 
thus  that  the  cUlas  is  first  formed.  At  the  same  time  the  first  or 
mter-^OTidf/lar  block  of  the  skull  is  likewise  '^  slipped  off,"  and  now 
adheres  to  the  second,  or  ''  epistrophean,''  spinal  vertebra,  —  vide 
turtle,  —  where  it  forms  the  "  tooth  of  the  epistrophean." 

It  is  from  this  peaked  and  rifted  tooth  that  all  fibrous  tissues  of 
the  cranial  cavity,  its  cavernous  and  other  simu^  and  consequently 
the  primitive  vessel  of  the  heart  itself  takes  its  central  radiation. 
One  pair  of  meningeal  follicles  issue  into  the  cochleas ;  another,  into 
the  eye-balls  and  its  muscles ;  the  fifth  propends  as  a  filiform  hook 
fi:x)m  the  open  "  nares,"  or  choance^  as  the  embryonic  heart- vein. 
All  are  vibratory  or  "  pulsating  "  muscular  organs. 

It  is  thus  clear  that  the  heart  and  assimilative  visceral  fabric  — 
the  grecU  distinctive  between  all  plants  and  animals  —  arises  from 
the  central,  primitive  (so-called  <'  intervertebrffi),  chondroid  disks, 
or  axial  beadstring.  It  is  here,  indeed,  where  we  have  to  look  for 
the  first  origin  of  the  ossified  disks  themselves^  as  with  the  Encri- 
nites  and  Corals ;  as  well  as  for  the  inter-discordal^  truly  "  verte- 
hrate^  axial  ossifications. 

It  is  thus  in  strict  conformity  with  embryological  facts,  to  state 
of  the  primitive  Radiate,  petrified  into  the  solid  lagoon-ree&  of  the 
AstraeaB  or  the  gyrose  Macondrina  (^  brain-coral ''),  that "  its  heart 
or  core  is  hard  as  the  "nether"  or  under-sea  miUstone^  — which  it 
actually  bears  around  its  neck  I  It  may  be  likewise  stated  that  it 
"forms  a  kigoon  in  the  ocean,  and  its  breath  kindles  charcoal,"  or 
oxidizes  carbon^  —  as  a  breathing  being,  the  reef  or  living  "  rib  " 
of  the  sea  should  do. 

I  here  refer  to  a  highly  graphic  description  contained  in  one  of 
the  oldest  records  of  our  race  and  its  legendary  science.  Indura- 
tion and  ossification  of  radial  elements  take  place  both  peripheri- 
cally  and  centrally,  and  herein  the  main  diflerence  between  the 
vertebrate  and  the  lower  animals  can  be  traced. 

Loose  ossicles,  whether  of  the  skin,  the  teeth,  or  as  found  in 
abortive  foBtal  cysts,  all  alike  partake  of  a  radiating,  motor-like  or 
tooth-shaped  development.  It  will  sufiSce  here  to  quote  the  re- 
semblance between  the  cutaneous  spines  of  the  globe-fishes  (Dio- 
don,  Tetraodon)  and  the  shark's  teeth,  for  example,  —  taking  in  all 
claws,  nails,  hoofs,  and  lobster's  tweezers. 


Digitized  by  VjOOQIC 


ZOOLOGY.  817 

It  is  thus,  no  doabt,  that  an  early  and  poetic  perception  con- 
ceived of  "  weaponed  men,"  having  arisen  out  of  "  dragons'  teeth," 
— the  shattered  remains  of  sharks  and  saurians  '^sown  broad- 
cast"! "giants"  of  stone,  sons  of  the  ground  we  tread  on. 
Arising  from  the  deep,  the  denuded  oceanic  strata,  thus  render- 
ing up  their  deady  are  calling  aloud  from  stones,  so  to  speak, 
where  all  human  speech  and  record  ceases. 


4.  Obsebvatioks  ok  the  Ststbmatio  Kelatioks  of  the  Fishes. 
By  Edwaed  D.  Cope,  of  Philadelphia,  Pennsylvania. 

I.  Pbelimthaby. 

The  system  of  fishes  as  at  present  adopted  in  this  country  is  the 
result  of  the  labors  of  many  naturalists,  but  chiefly  of  Cuvier, 
Agassiz,  MUller,  and  Gill.  Without  going  into  the  history  of  the 
subject  at  present,  it  will  be  proper  to  point  out  the  principal  mod- 
ifications of  Cuvier's  system,  introduced  by  his  three  successors. 
The  orders  of  Cuvier  were  the  Chondropterygii^  McUacopterygii^ 
Acan^opterygii^  Plectognathij  and  Lophohranckii. 

Professor  Agassiz,  under  the  name  of  PlacoidSy  adopted  the  first 
division:  the  second  he  called  the  Cycloids^  the  third  Otenotdsy 
and  then  created  a  fourth  order  under  the  name  of  Gunoida^  which 
should  embrace  a  portion  of  Cuvier^s  Chondropterygii  (the  stur- 
geons), a  portion  oiiheMalacopterygiiahdomindlea  (the  bony  gars, 
Ac.),  and  the  two  last  orders  of  Cuvier.  Professor  MttUer  follow- 
ing, with  a  still  more  complete  anatomical  investigation,  especially 
into  the  soft  parts,  discerned  three  subdasaes  in  Cuvier's  Chxm- 
dropterygii^  which  he  named  the  Zeptocardii  (lancelet),  Dermopteri 
(lamprey,  &c.),  and  the  Sdachii  (sharks,  &c.).  In  the  then  re- 
cently discovered  Lepidosiren  he  saw  a  fourth  subclass.  Dipnoi. 

Having  instituted  an  investigation  of  Agassiz's  Ganoids,  in  an 
able  memoir  he  purged  it  of  the  Plectognath  and  Lophobranchiate 
divisions,  which  are  obviously  not  related  to  it.  These  with  the 
Mal<Mopierygian8  and  AcanthopterygUms  he  erected  into  a  sixth 
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subclass,  the  Tdeostei.  This  subclass,  containing  the  greater  part 
of  existing  fishes,  embraced  six  orders ;  viz^  Acanthopteri  (Cuvier's 
AcafUhoplerygiana)^  Anacanthini  (new,  for  the  Cod  family,  Jbc), 
Ptuxryngoffnathi  (new,  for  fishes  with  connate  inferior  pharyngeal 
bones),  Physostomi  (Malacopterygians  of  Cuvier,  nearly),  Pleck>- 
gncUhiy  and  Lophobranchii  of  Cuvier.  The  great  number  of  fiicts 
in  the  anatomy  of  fishes  added  by  MuUer  constitute  him  the  &ther 
of  modern  ichthyology. 

Professor  Gill,  in  1861,  adopted  many  of  the  divisions  of  Mtlller, 
and  rejected  some :  others  were  newly  proposed.  But  four  sub- 
classes were  recognized ;  the  Dermopteriy  which  includes  also  Mtil- 
ler's  Leptocardii ;  the  JBJlasmobranchiij  equivalent  to  Mttller's 
Selachii ;  the  Ganoidii^  including  here  Mailer's  Dipnoi,  and  the 
Teleoatei,  Six  orders  were  attributed  to  the  last  subclass,  which 
were  quite  different  from  those  of  Miiller. 

Subsequent  to  this  publication,  important  contributions  to  the 
system  have  been  made  by  Kner,  Lutken,  Qill,  Huxley,  Ac,  which 
will  be  noticed  at  the  proper  time. 

The  writer  having  been  engaged  in  an  examination  of  the  oste- 
ology of  the  bony  fishes,  and  general  anatomical  studies  of  the 
whole,  has  proposed  to  point  out  some  further  modifications  of  the 
reoeived  system,  which  he  believes  will  render  it  a  closer  reflection 
of  nature.  There  are  some  portions  of  the  skeleton  which  have 
been  to  a  great  extent  overlooked  in  seeking  for  indications  of 
likeness  and  difference  of  types,  and  the  estimation  in  which  many 
known  characters  are  held  may  be  much  altered  on  the  study  of 
extended  material.  The  skeletons  on  which  the  present  study  is 
made  are  1,000  in  number,  200  belonging  to  the  Academy  of 
Natural  Sciences  of  Philadelphia,  and  800  to  the  writer,  being  the 
collection  made  by  Professor  Joseph  Hyrtl,  the  distinguished 
anatomist  of  Vienna.  This  collection  has  been  long  known  to 
anatomists  in  Europe  as  the  most  beautifully  and  reliably  prepared 
in  existence,  and  as  valuable  as  any  for  study,  on  acoount  of  the 
fulness  of  the  representation  of  the  various  types. 

II.   Special  ok  the  Ganoids. 

Recurring  to  Milller's  system,  the  writer  adopts,  as  characterized 
beyond  dispute,  his  sub-classes,  or  orders  of  Lbptocabdi,  Der- 
MOPTEBi,  Selachu,  and  Dipnoi,  and  confines  himself  at  present  to 
the  recent  Oanoidea  and  Teleosiei.  I  have  shared  in  the  doubts 
occasionally  expressed  by  icthyologists  as  to  the  essential  disUno- 
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tioB  of  these  latter  divisionfl,  and  an  examination  into  the  osteology 
with  reference  to  this  point  confirms  the  doubts  raised  by  a  study 
of  the  soft  parts.  As  is  well  known.  Mailer  distinguished  the  Gan- 
oidea  by  the  muscular  bulbus  arteriosus  containing  numerous 
YalveSy  and  the^sonnection  of  the  optic  nerves  by  commissure  rather 
than  by  decussation.  He  added  several  other  characters,  knowing 
them,  however,  to  be  shared  by  various  other  orders  and  sub- 
classes ;  and  I.  have  selected  the  only  two  which  seemed  to  be 
restricted  to  the  division.  Their  restriction  to  it,  however,  is  only 
apparent ;  and  Kner  points  out  that  the  peculiarity  of  the  optic 
commissure  is  shared  by  some  Phyaostomiy  and  that  the  difference 
between  the  number,  character  of  the  valves  of  the  bulbus  in 
Lqpido9teus  and  Amict^  is  quite  as  great  as  that  existing  between 
Amia  and  some  of  the  Physo^tami.  After  an  examination  of  the 
skeleton  it  is  obvious  that  in  this  part  of  the  organism,  also,  there 
is  nothing  to  distinguish  this  division  from  the  TeUostei  of  Mttller. 
It  is  true  that  each  of  the  genera  referred  to  it  possesses  marked 
skeletal  peculiarities,  but  they  are  either  not  c6mmon  to  all  of  them, 
or  are  shared  by  some  of  the  Physostomi.  If,  on  the  other  hand, 
we  compare  these  genera  with  each  other,  differences  of  the  great- 
est importance  are  observable,  which  at  once  distinguish  two 
divisions,  one  represented  by  P<dypterusy  the  other  by  Lqndo8teus 
and  Amia. 

In  the  first  place  the  basal  radii  of  the  pectoral  fins  of  Polypte- 
rus  are  observed  to  be  excluded  from  articulation  with  the  scapular 
arch  by  the  intervention  of  three  elements,  which  form  a  pedicel 
or  veritable  arm  for  the  fin.  In  L^iidosteuB  and  Amia  the  radii 
are  sessile  on  the  scapular  arch  as  in  ordinary  fishes.  The  ventral 
fins  present  a  like  difference :  the  basal  radii  are  long  and  four  in 
number  in  Polypterus.  In  the  other  two  genera  they  are  absent, 
excepting  one  rudimental  osdcle  on  the  inner  basis  of  the  fin  (two 
in  Lqpidostem)  precisely  as  in  the  Physostomous  families,  Mormy^ 
ridaey  CcUostamidaey  &c.  If  we  examine  the  branchial  apparatus, 
we  find  an  undivided  ceratohyal,  three  branchihyal  arches,  and  no 
inner  and  but  two  outer  bones  of  the  superior  brachihyals,  present 
in  PolypUrua,  In  Xepidoateua  and  Amia  we  have  the  double 
ceratohyal,  four  branchihyal  arches,  with  four  outer  and  four  inner 
superior  elements,  which  are  characters  of  the  typical  Teleostei.  The 
maxillary  bone  of  Polypterus^  instead  of  being  free  distally,  as  in 
fishes  generally,  is  united  with  an  ectopterygoid,  and  with  bones 
representing,  in  position  at  least,  postorbitai  and  malar.    In  the 
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Other  genera  the  relations  of  the  maxillary  are  as  in  osseous 
fishes. 

The  sturgeons  {Accipenaeridae)  agree  with  AmiOy  <fec.,  in  all  of 
these  points  but  one,  differing  only  in  having  the  superior  cerate- 
hyal  and  several  of  the  superior  branchihyals  cartilaginous.  The 
one  point  of  distinction  is  the  extension  of  the  basal  radial  supports 
of  the  ventral  fin  all  across  its  basis,  as  in  Polypterua,  The  pec- 
toral fin  is,  on  the  other  hand,  much  as  in  Lepidoateua.  Thus  the 
sturgeons  combine  in  this  one  respect  the  features  of  both  divisions* 
Both  the  basal  ceratohyals  are  cartilaginous  in  this  family :  the 
superior  only  is  cartilaginous  in  PolypteraSj  ZepidosteuSj  and  Amta^ 
while  both  are  ossified  in  the  old  Teleosteij  except  in  the  eels.  In 
these  the  inferior  is  cartilaginous,  while  the  superior  is  coossified  to 
the  ceratohyal.  Thus  in  one  unimportant  character  Polypterua 
agrees  with  its  former  associates,  but  differs  more  firom  others  of 
them  —  the  sturgeons  —  than  from  the  bony  fishes. 

Another  character  othoih.  Lepidoateua  and  Amia  betoken  a  cer- 
tain relationship  to  Polypterua ;  viz.,  the  complexity  of  the  mandible, 
especially  in  the  possession  of  a  coronoid  bone.  But  here  again 
Acdpenaer  only  possesses  an  osseous  dentary,  while  Gymnarchus 
and  Ghymnottia  have  the  angular  and  articular  bones  distinct  from 
the  dentary,  wanting  the  coronoid  and  opercular.  In  most  bony 
fishes  the  angular  is  not  distinct. 

It  is  thus  evident  the  subclass  Ganoidea  cannot  be  maintained. 
It  cannot  be  even  regarded  as  an  order,  since  I  will  show  that 
Xeptdoateiia^  Acdpenaer^  and  Amia  are  all  representatives  of  dis- 
tinct orders.  I  hope  also  to  make  it  evident  that  Polyptenu 
should  be  elevated  to  the  rank  of  a  subclass  or  division  of  equal 
rank  with  the  rest  of  the  fishes,  and  with  the  Dipnoi  already 
adopted. 

The  question  may  then  be  discussed  as  to  whether  naturalists  are 
correct  who  regard  the  fishes  as  representing  variously  firom  two 
to  four  classes.  One  of  these  (the  Ganoidea)  having  been  already 
disposed  o^  it  remains  to  consider  the  claims  of  the  remainder;  viz., 
the  JSlaamobranchii  (sharks).  Dipnoi^  and  typical  fishes. 

If  we  examine  the  points  in  which  the  whole  taken  together 
differs  fi-om  the  JBatrachia  and  other  classes  above  it,  we  find  that 
it  is  confined  chiefly  to  the  structure  of  the  limbs  and  the  hyoid 
apparatus.  The  typical  fishes  present,  however,  other  important 
peculiarities;  viz.,  1st,  The  existence  of  two  or  three  distinct  bones 
in  the  suspensor  of  the  mandible  instead  of  one;  2d,  The  attach- 
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ment  to  these  of  the  opercular  bones ;  8d,  The  absence  of  pelvic 
bones ;  4th,  The  8aQ>en8ion  of  the  scapular  arch  to  the  cranium ; 
5th,  The  large  development  of  the  pterotic  (Parker,  Mastoid^ 
Cuvier  and  Owen)  is  characteristic  of  bony  fishes. 

The  types  of  variation,  in  the  first  point,  only  distinguish  groups 
of  subordinate  rank.  Thus,  the  suspensor  of  the  mandible  in  the 
typical  fishes  consists  of  the  hyomandibular  stapes,  quadrate  (meta- 
pterygoid  or  incus)  symplectic  and  mesopterygoid  (quadratojugal, 
Miiller ;  quadrate,  Huxley,  Elm.  Comp.  Anat.).  In  the  Marm^dc^ 
Sihiridae,  PoJypteridaey  and  others,  the  symplectic  is  absent :  in  the 
eels  of  several  ^milies  both  it  and  the  metapterygoid  are  wanting, 
.  reducing  the  suspensorium  to  a  rod  of  two  pieces.  This  condition 
exists  in  many  of  the  rays :  in  others,  and  in  the  sharks,  the  inferior 
element  is  wanting  (Miiller,  Stannius).  An  important  modifica- 
tion is  exhibited  by  CAtmoero,  where  the  hyomandibular,  which 
alone  exists,  is  continuous  with  the  cartilaginous  cranium,  not 
being  separated  by  the  usual  articulation. 

As  to  the  opercular  bones,  all  are  wanting  in  the  Elasmobranchs 
(sharks  and  rays) ;  while  the  typical  fishes  possess  four,  — viz.,  pre- 
opercnluni,  operculum,  suboperculum,  and  interoperculum.  In  many 
of  these,  however,  the  suboperculum  is  wanting,  and  in  the  stur- 
geons and  many  eels  there  is  no  preoperoulum.  In  Polyodon  the 
interoperculum  is  also  wanting.  In  JApidonren  the  operculum 
and  interoperculum  are  rudimental.'  In  respect  to  this  point  also, 
the  divisions  indicated  are  of  subordinate  value. 

As  regards  the  development  of  the  pterotic  bone,  its  relations 
to  the  other  bones  forming  the  lateral  walls  of  the  cranium  may  be 
thus  described. 

In  Polypterus  the  basiocdpital  is  much  prolonged  posteriorly, 
and  the  exoccipitals  are  directed  forwards  in  consequence.  The 
basioccipital  rises  laterally  to  meet  them  at  the  vagal  foramen. 
The  exoccipitals  are  in  contact,  and  the  place  of  the  supraocdpital 
is  taken  by  cartilage.  The  outer  suture  of  the  exoccipitals  extends 
obliquely  backwards  to  the  basioccipital.  About  half  way  along  it, 
the  suture  dividing  the  epi-  and  opisthotic  bones  originates  and 
runs  forward  into  a  fossa,  which  is  roofed  by  the  dermal  ossifica- 
tion of  the  former.  That  bone  has  a  long  acute  posterior  prolonga- 
tion. The  opisthotic  lies  along  side  of  it,  and  is  overlaid  by  its 
dermo-ossification,  having  none  of  its  own.  It  presents  a  process 
backwards  parallel  to  that  of  the  epiotic.  The  opisthotic  b  a  long 
bone,  extending  beneath  the  edge  of  the  parietal,  leaving  a  space 
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between  it  and  the  postfrontal.  It  sabtends  the  long  vagal  fora- 
men posteriorly  with  the  exoccipital  and  basioccipital.  With  the 
latter,  it  bounds  inferiorly  the  cartilage-covered  space  seen  in 
Amia  Xepidosteus^  &c.  The  prootic  is  a  small  element,  with  a 
deep  longitudinal  groove  on  its  outer  face.  It  is  bounded  both 
above  and  below  by  projections  of  the  opisthotic,  and  a  tongue  of 
the  same  enters  a  deep  median  longitudinal  notch.  A  cartilag- 
inous space  separates  it  from  a  cup-shaped  process  of  the  para- 
sphenoid  below :  in  front  it  is  connected  with  a  transverse  ala  of 
the  parasphenoid.  I  can  find  no  separating  suture.  The  latter  sup- 
ports above  the  lower  extremity  of  the  postfrontal.  The  parietals 
lie  directly  on  the  opisthotic  without  intervention  of  a  pterotic. 
The  hyomandibular  abuts  directly  against  the  opisthotic  A  bone 
is  attached  to  its  proximal  end  behind,  and  abuts  with  it.  This  ia 
perhaps  the  preoperculum,  and  it  bears  a  little  denno-ossified  sur- 
&ce.*  The  groove  of  the  prootic  terminates  in  a  foramen,  which  it 
partly  encloses,  past  the  ?  parasphenoid.  This  probably  gives  exit 
to  one  of  the  branches  of  the  fifth  nerve.  Two  others  exist  anterior 
to  it.    The  orbits  are  separated  by  the  long  ethmoid. 

In  Zepidosteus  the  basioccipital  rises  in  two  lateral  plates  behind 
the  exoccipitals.  The  latter  are  in  contact,  and  there  is  no  supra- 
occipital.  Epiotic  prominent  with  a  posterior  and  an  interior  &ce. 
Space  for  the  opisthotic  cartilaginous.  The  parasphenoid  does  not 
rise  to  meet  the  prodtic,  hence*  another  cartilaginous  space  is  en- 
closed by  these  two  bones  with  the  exoccipital.  The  prootic  ia  a 
large  bone,  with  a  strong,  concave-edged  ala  projected  outwards 
and  forwards,  dividing  a  latero-inferior  from  a  supero-anterior  &ce. 
The  latter  is  excavated  for  the  exit  of  the  5th  pair  nerves.  Its 
lower  free  edge  is  truncated  transversely,  and  is  continuous  with  a 
circular  edge  of  an  ala  of  the  parasphenoid,  the  two  bones  forming 
a  transyerso-oblique  plate;  The  free  edge  is  obtusely  rounded 
for  articulation  with  the  free  concave  extremity  of  the  metaptery- 
goid.  The  superior  outer  angle  of  the  prootic  supports  a  flattened 
conical  postfrontal. 

There  is  no  true  pterotiCy  but  a  dermo-ossification  outside  the 
parietals  corresponds  to  it.  There  is  an  alisphenoid  in  fix>nt  of  the 
prootic,  and  an  orbitosphenoid  in  front  of  this,  which  are  united 
above,  or  separated  by  a  very  narrow  fissure. 

••In  removing  the  hyomandibular,  a  margin  of  this  preopercnlum  ii  apt  to 
break  off  and  adhere  to  the  opisthotic,  resembling  a  rudimental  pterotic. 
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In  Amia  the  opisthotio  and  epiotio  are  separated  by  a  deep 
fossa.  The  opisthotic  is  separated  from  the  parasphenoid  by  a 
cartilaginons  space.  The  pterotic  is  developed  as  a  narrow  plate. 
It  is  bounded  below  by  a  large  cartilaginous  space,  separating  it 
from  the  prodtic.  Behind,  it  rests  on  the  opisthotic.  A  supero- 
transyerse  process  of  the  parasphenoid  extends  in  front  of  the 
prootic  and  of  the  cartilaginons  space  in  front  of  it,  and  supports 
the  postfrontal.  The  alisphenoid  is  in  front  of  this  process,  and  in 
front  of  this  an  orbitosphenoid.  No  inter-orbital  ethmoid.  The 
dermal,  representative  of  the  pterotic  is  well  developed. 

In  Accipenaer  and  Polyodan  the  pterotic  is  not  ossified,  and  the 
opisthotic  is  probably  also  wanting. 

With  regard  to  the  pterotic  and  opisthotic  bones,  then,  there  is  as 
much  difference  between  these  so-called  Ganoid  genera  as  in  other 
points.  Espedally  is  Amia  separated  from  the  others,  and  identi- 
fied with  the  true  bony  fishes.  But  experience  shows  the  differ- 
ences in  degree  of  ossification  are  of  less  weight  than  differences  of 
original  composition. 

The  Elasmobranchs  are  well  known  to  have  the  scapular  arch 
suspended  freely  behind  the  cranium  as  in  higher  vertebrates.  It 
is  not  always  attached  to  the  cranium,  on  the  other  hand,  among 
true  fishes;  for  in  the  eels  it  is  quite  as  in  the  sharks,  and  the 
spinous-finned  Mastacembeh^  presents  the  same  features. 

The  characters  presented  by  the  pelvic  bones  and  limbs  seem  to 
be  of  higher  imports.  Thus  all  the  bony  fishes  and  sturgeons  lack 
all  the  pelvic  elements.  In  the  sharks  and  rays  they  are  also  want- 
ing; but  two  elements  on  each  side  appear  in  the  JBohaphali 
(Chimsera)  according  to  Leydig  and  Gregenbauer.  In  Z^doairen  a 
large  median  pelvic  cartilage  exists,  but  which  element  it  represents 
is  imknown.  This  is  evidently  a  character  of  high  significanice. 
As  to  the  limbs,  the  peculiarities  of  Pohfpterua  have  been  pointed 
out  above.  They  mean  nothing  less  than  the  development  of  the 
elements  of  the  arm  and  leg  of  the  higher  vertebrata,  which  inter- 
vene between  the  point  of  articulation  and  the  distal  segments,  in 
PoLypUruB  and  the  sharks  and  rays.  In  the  former  the  distal  seg- 
ments are  articulated  exclusively  to  the  extremities  of  the  proximal 
pieces,  which  thus  resemble,  as  well  as  represent,  humerus  and 
femur,  and  render  the  limb  pedunculated.  The  proximal  pieces 
are  not  continued  distally,  however,  into  the  representatives  of 
the  main  axis,  which,  as  demonstrated  by  the  admirable  studies 
of  Gegenbauer,  consist,  after  humerus,  of  radius,  tarsals  and  meta- 
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tarsalfly  and  thumb ;  in  the  hind  limb,  of  the  line  of  the  tibia  and 
inner  toe.  This  oontinnation  is  observed  in  the  SkumcbrcMdUi^ 
where,  however,  the  divergent  segments  extend  along  the  sides  of 
the  proximal  pieces  to  near,  in  some  Bajidae  quite,  to  the  articula- 
tion with  the  scapular  arch.  In  the  true  fishes,  including  some  ot 
the  old  Gkmoids  already  considered,  the  divergent  ra3rB  alwa3rB  reach 
this  articulation,  while  the  number  of  proximal  or  basal  pieces  is 
diminished.  These  pieces  have  been  called  by  Gegenbauer  the  meta* 
pterygium  (humerus),  mesopterygium,  and  propterygium ;  the  first 
being  axial,  the  second  and  third  being  divei^nt  from.it.  In 
PolypteruB  the  propterygium  and  mesopterygium  are  largely 
developed;  in  sharks  and  rays  the  propterygium  is  sometimes 
small,  sometimes  wanting ;  while  in  the  true  fishes  the  propterygium 
and  mesopterygium  are  both  wanting,  excepting  in  Amicu,  L^fridf^ 
teuB^  and  the  sturgeons,  where  a  cartilaginous  mesopterygium  exists, 
according  to  Gegenbauer.  This  author  finds  it  rudimental  in  young 
ScUmanidae  and  SUuridae.  Lastly,  in  the  true,  fishes  the  distal 
elements  of  the  axis  of  the  limb  are  wanting,  just  as  in  Polyp- 
terns. 

In  I^^moi,  on  the  other  hand,  we  have  this  axis  complete,  or 
rather  with  greatly  multiplied  distal  segments,  and  without  lateral 
radii,  except  in  the  Afirican  JProtopterus.  Here  Peters  found  a  few 
attached  to  the  proximal  segments.  Hence  the  limb  in  this  order 
is  termed  by  Owen  the  simplbst  or  primary  type,  and  this  prop- 
osition is  abundantly  confirmed  by  the  beautiful  researches  of 
Gegenbauer.  The  foundation  for  the  history  of  the  genesis  of  limbs 
laid  by  this  author  will  ever  be  a  landmark  in  the  history  of  mod^ 
em  theories  of  creation.  See  his  memoir,  XJeber  das  Skelet  der 
Gliedmaasen  der  Wirbelthiere  im  AUgemeinen,  &c.,  Jenaiache 
Med.  Zeitschr.^  vol.  v.  p.  897. 

Important  as  are  the  characters  that  distinguish  the  several 
groups  indicated  by  the  different  types  of  structure  of  the  limbs 
and  pelvis,  they  do  not  seem  to  me  to  warrant  their  recognition  as 
classes,  equivalent  to  those  of  the  six  already  pointed  out.  Taking 
them  together,  there  is  a  greater  coherence  also  in  the  structure  of 
brain  and  drculatory  systems  than  would  be  the  case  with  any 
other  two  of  the  classes  adopted  above.  The  peculiarities  of  the 
limbs,  important  as  they  are,  are  nearly  related  in  the  want  of 
spedaUsation  of  their  parts,  seen  in  the  Batra^hia  and  other  classes, 
the  differences  consisting  rather  of  number  and  position  of  parts. 
The  pelviB  of  the  Dipnoi  might  be  regarded  as  of  pximary  impor- 
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tanoe  but  for  its  eziBtenoe  in  the  Mdocephaliy  whose  limbs  again 
are  so  near  those  of  the  shark. 

It  remains,  therefore,  to  adopt  the  LinnsBan  and  Cavierian  class 
Piscesj  and  to  grant  as  such  classes  the  groups  of  HolocephaUy 
JSeiachii,  and  Dipnoi.  There  remain  as  subclasses  the  groups 
typified  by  Polypterus  on  the  one  hand,  and  the  true  fishes  on  the 
other.  The  first  has  been  already  distinguished  in  its  external 
characters  by  Professor  Huxley,  who  again  brought  light  out  of 
obscurity  when  he  established  his  ^  third  suborder  of  Ganoids,  the 
CrossopterygidaeP  This  division  is  in  my  estimation  a  natural 
one,  and  to  be  elevated  to  a  rank  equivalent  to  that  of  each  of  the 
three  above  named,  being  the  only  part  of  the  original  division  of 
Ganoids  of  Muller  entitled  to  it.  Professor  Huxley  defined  it  as 
follows :  — 

^  Dorsal  fins  two,  or,  if  ringle,  multiplied  or  very  long ;  the  pec- 
toral and  usually  the  vertical  fins  lobate ;  no  branchiostegal  rays, 
but  two  principal,  with  sometimes  lateral  and  median  jugular 
plates  situated  between  the  rami  of  the  mandible ;  caudal  fin  diphy- 
oereal  or  heterocercal ;  scales  cycloid  or  rhomboid,  smooth  or 
sculptured.'' 

Of  the  above  characters  that  which  relates  to  the  lobate  fins  is 
the  essential  one,  and  is  the  expression  of  the  external  appearance 
produced  by  the  structure  of  the  bones  of  the  limbs  already  pointed 
out  by  Gegenbauer.  Some  of  the*genera  included  by  Huxley  with 
acute  lobate  fins,  e,g^  JPhaneropleuron,  must  however  be  referred 
to  the  Dipnaiy  according  to  Gtlnther.  The  absence  of  branchi- 
ostegal rays  is  important,  but  is  shared  by  the  sturgeons.  The 
jugular  plates  appear  to  exist  in  Polypterus  only  among  recent 
fishes,  though  several,  as  Amict^  JEhpSj  Osieofflosmmiy  Ac,  pos- 
sess a  median  one.  Nevertheless,  its  nature  would  not  lead 
one  to  anticipate  its  being  a  constant  feature  in  any  group  of 
high  rank;  at  least  such  is  our  usual  experience  with  dermal 
'  bones.  The  structures  of  the  skin  and  scales  given  by  Huxley 
are  very  subordinate. 

The  remaining  division  answers  then  to  the  Tdeoitei  and  Gan- 
oidei  of  Milller,  minus  PolypteruB.  The  name  TeUostei  cannot  be 
preserved  for  this  division,  owing  to  its  entire  want  of  coincidence 
with  that  division  of  Mttller,  as  well  as  firom  the  &ct  that  the  carti- 
laginous sturgeons  must  be  included  in  it.  I  propose,  therefore,  to 
call  it  the  Adinopteri.  The  characters  of  the  five  subclasses  will 
than  he  as  fidlows:— - 
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Qaas  Pisces. 


The  hyomandibular  bone  continuous  with  the  cartilaginous  cran- 
ium, with  a  rudimental  opercular  bone.  Two  distinct  pelvic  bones 
on  each  side.  Derivative  radii  sessile  on  the  sides  of  the  basal 
bones  of  the  limbs,  separated  from  the  articulation.      JETolocephali, 

Hyomandibular  bone  articulated  with  the  cranium;  no  opercular 
or  pelvic  bones.  Derivative  radii  sessile  on  the  sides  of  the  basal 
bones  of  the  limbs,  rarely  entering  articulation.  Sdachii. 

Hyomandibular  bone  articulated,  with  rudimental  opercular 
bones ;  a  median  pelvic  element.  Limbs  consisting  of  the  axial 
line  only,  commencing  with  the  metapterygium,  and  with  multiplied 
segments.  Dipnoi. 

Hyomandibular  articulated,  opercular  bones  well  developed,  a 
single  ceratohyal ;  no  pelvic  elements.  Limbs  having  the  derivative 
radii  of  the  primary  series  on  the  extremity  of  the  basal  pieces, 
which  are  in  the  pectoral  fin  metapterygium,  mesopterygium,  and 
propterygiuln.  Orossopterygia. 

Opercular  bones,  well  developed  on  separate  and  complex  sus- 
pensorium;  a  double  ceratohyal,  no  pelvic  elements.  Primary 
radii  of  fore  limb  parallel  with  basilar  elements,  both  entering  the 
articulation  with  scapular  arch.  Basilar  elements  reduced  to  meta- 
pterygium and  very  rarely  mesopterygium.  Primary  radii  of 
posterior  limb  generally  reduced  to  one  rudiment.        AcHnopteri. 

nL  Ok  the  Actinoptebi. 

In  determining  the  primary  types  of  this  subclass,  we  return  to 
aome  characters  already  mentioned,  in  which  they  approximate  the 
Crossopteryffia^  and,  adding  others,  follow  the  various  divergences 
to  their  specialized  terminations. 

Thus,  in  Accipenser  and  allies,  the  ventral  fins  possess  a  complete 
series  of  basal  radial  bones,  and  the  pectorals  each  a  large  meso- 
pterygium. InAmia  snd  Jj^ndosteus  the  mesopterygium  is  small, 
and  the  basal  radii  of  the  ventrals  are  reduced  to  their  lowest  num- 
ber. In  none  of  them  are  the  basihyals  fully  developed.  Most  of 
the  eels  retain  a  character  which  we  have  only  observed  heretofore 
in  the  Selachii, 

We  pass  by  a  number  of  the  lower  fishes  before  we  find  the 
mandibular  arch  furnished  with  a  symplectic  One  of  the  most 
important  modifications,  which  is  more  or  less  coincident  with  a 
number  of  others,  is  that  which  formed  the  basis  of  Bonaparte  and 
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MoUei^s  order  of  PhysoBtomi.  The  presence  of  the  ductus  pnen- 
maticiiB  which  characterizes  it  is  always  associated  with  abdominal 
position  of  ventral  fins  and  cycloid  scales,  and  mostly  with  the 
presence  of  the  prsecoracoid  arch,  the  entrance  of  the  maxillary 
bone  into  the  border  of  the  mouth,  and  the  non-separation  of  the 
parietal  bones  by  the  supraoccipital.  Tet  none  of  these  characters 
are  precisely  assodatedat  the  point  of  change  in  each ;  for  there  are 
physofltomous  fishes  with  separated  parietals  and  ctenoid  scales 
(some  Cyprinodontidae)^  and  there  are  Physodysti  with  abdominal 
ventrals.  Nevertheless,  three  prominent  types  stand  out  in  the 
ActiMpterif  the  sturgeons  or  ChondroBteij  the  Physostami,  and  the 
Physodystij  which  may  be  considered  as  tribes. 

An  entire  series  of  basilar  segments  of  the  abdominal  ventral 
fins ;  no  branchiostegal  rays  nor  pterotic  bone.  Chandroatei. 

Basilar  segments  of  ventrals  rudimental,  position  of  fins  abdo- 
minal, parietal  bones  usually  united;  branchiostegal  rays;  swim 
bladder  connected  with  the  stomach  or  oesophagus  by  a  ductus 
pneumaticus.  Physostami. 

No  ductus  pneumaticus ;  parietal  bones  separated  by  the  supra- 
occipital;  ventral  fins  usually  thoracic  or  jugular;  no  basilar  seg- 
ments. Physodysti. 

Chondrostei. 

There  are  two  orders  in  this  division,  as  follows :  — 

A  prsBCoracoid  arch ;  no  symplectic  bone ;  premazillary  forming 
moutli  border;  no  suboperculum  nor  preoperculum ;  mesoptery- 
gium  distinct;  basihyals  and  superior  ceratohyal  not  ossified; 
interdavicles  present ;  no  interoperculum  or  maxillary;  branchihy- 
als  cartilaginous.    1.  Selachastomi, — the  Paddle-fish. 

Similar  to  the  last,  but  with  interopercle  maxillary  bones,  and 
osseous  branchihyaL    2.  Glaniostomi, — the  Sturgeons. 

The  first  order  embraces  the  single  family  of  SpcOulariidas^  the 
second  that  of  the  AccipenseridcLC.  In  both  the  chorda  dorsalis 
persists,  the  tail  is  heterocercal  and  the  osseous  cranium  is  little 
developed.  The  basal  and  radial  elements  of  the  limbs,  with  the 
coracoids,  are  not  ossified. 

PhysoBtomi. 
The  following  key  will  express  the  leading  features  of  the  orders 
of  this  division. 

I.    ▲  P&JiCORAOOID  ABCH. 

A.  A  ooronoid  bone. 
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Maxillary  in  many  pieces ;  Teitebras  opisthoc€Blian.  3.  Oingfy' 
modij — the  Bony  Gar. 

Maxillary  not  transTenely  divided  ;  vertebne  amphiccBlian. 
4.  jBakeomorphij — the  Dog  Fish. 

A  A.  No  coronoid  bone. 

♦No  symplectic  bone. 

Pterotic  simple,  anterior  yertebna  with  osdcola  aaditns;  sapra- 
oodpital  and  parietals  oodssified.  6.  Nematogtuxthi^  —  the  Cat 
Fishes. 

Pterotic  annular  including  a  cavity,  closed  by  a  special  bone; 
parietals  distinct,  vertebr»  simple.  6.  Scyphophori^ — the  Mor> 
myri. 

**Sympleotic  present. 

Anterior  vertebra  coossified  and  with  ossicula  anditus.  7.  PUe- 
toipondyli^  —  the  Suckers,  &o. 

Anterior  vertebraa,  similar  distinct,  without  ossicula  auditua. 
8.  Isospandylit  —  Herring,  &c. 

H.    KO  FBiBCOBACOID   ABCH, 

A  Scapular  arch  suspended  to  cranium. 

B.  A  symplectic. 

Pterotic  and  anterior  vertebra  simple;  parietal  separated  by 
supraoccipital.    9.  Maplomi,  —  Pike,&c. 

Anterior  vertebne  modified ;  parietals  united;  pectoral  fins.  10^ 
Glanenchdij — Electric  Eel. 

B  B.  No  symplectic. 

Anterior  vertebrsB  simple;  a  preopereulum  and  maxillary;  no 
pectoral  fins.    11.  Ichthyoc^haUy — Java  Eels. 

A  Ai  Scapular  arch  free  behind  the  cranium. 

*A  preopereulum. 

A  symplectic;  maxillary  well  developed;  no  pectoral  fins.  12. 
Molostamiy  (Symbranchi). 

No  symplectic ;  maxillary  lost  on  connate ;  pectoral  fins.  18. 
Michefycephali, — Eels  proper. 

•♦Preopereulum  wanting  or  rudimentaL 

No  symplectic,  maxillary,  nor  pectoral  fins ;  no  pterygoid.  14. 
OolocephcUi  (Muraenae). 

Of  the  above  orders  the  Sdphmi  (pike,  &c.)  approach  nearest 
the  Physoclysti  of  the  families  Opheocephalidae  and  Atherinidae; 
and  the  Hdlostomi  of  the^ family  Symbranehidae  to  the  Physoclyst 
family  of  Mastacembelidae.    The  affinities  between  these  fiimilies 
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are  in  both  oases  so  close  as  to  render  the  distinction  of  the  primary 
divisions  in  question  hardly  worth  preserving. 

The  complete  development  of  the  support  of  the  caudal  fin  is 
seen  in  many  members  of  this  tribe,  while  in  many  of  them  it  re- 
mains in  its  prijnitive  condition.  Among  Phyaoch/ati  it  is  nearly 
always  complete,  though  in  a  few  {Trichiundcte^  &c.)  it  remains 
larval.  In  the  first  development  of  the  vertebral  column  in  fishes, 
it  forms  a  straight  aads.  The  fin  is  represented  by  a  fold  of  the 
integument  which  extends  equally  round  its  extremity.  In  this 
membrane  the  rays  are  developed,  and  in  many  fishes  they  remain 
thus  equally  distributed.  In  this  case  the  caudal  vertebras  remain 
in  a  straight  line  to  the  extremity,  and  we  have  a  termination  such 
as  is  seen  in  Ixpidoairen  and  the  eels.  This  form  of  tail  may  be 
called  the  isocerccU, 

If  now  the  radii,  basal  or  distal,  acquire  a  greater  development 
on  the  lower  side  of  the  column,  those  on  the  upper  side  remaining 
rudimental,  it  will  be  necessary  that  such  enlarged  portion  should 
strike  the  water  in  the  plane  transverse  to  the  longitudinal  axis  of 
the  body,  in  order  that  the  weight  of  the  body  be  propelled  with 
the  least  expenditure  of  force.  This  will  necessarily  cause  the 
distal  vertebras,  or  end  of  the  chorda  dorsalis,  to  be  turned  upward, 
so  that  the  inferior  rays  of  the  fin  shall  be  brought  as  near  to  the 
line  of  the  superior  as  possible.  This  is  the  type  of  tail  known  as 
the  heterocerccUy  as  called  by  Agassiz. 

We  find  among  the  Physoclyati  that  the  lower  rays  of  the  fin  are 
more  and  more  strengthened,  and  the  haemal  spines,  which  support 
them,  are  more  and  more  enlarged.  Consequently  the  end  of  the 
column  is  more  curved  upwards,  as  seen  in  Amia.  The  superior 
rays  and  neural  spines  are  also  strengthened,  and  the  inferior  so 
extended  upwards  as  to  pass  round  the  extremity  of  the  column 
and  come  into  contact  with  them.  And  now  the  vertebral  centra 
are  successively  atrophied  firom  the  extremity.  Counting  from  the 
extremity  to  the  bases  of  the  first  supports  of  the  outer  rays  of  the 
caudal  fin  above  and  below,  we  find  that  ten  vertebrae  remain  in 
the  tail  of  Notopterua.  In  the  Hyodontidae^  Albtdidae^  Elopida^ 
AUpocephalidfiey  and  Salmonidae,  there  are  but  two  left,  while  one 
only  appears  in  the  Oateogloaaidas^  Atdapidaej  IJutodiridc^  Bu- 
tyrinidae^  Coregonidae^  Clupeidae,  and  Chirocentridae.  In  most 
other  fitmilies,  especially  of  Phyaodyati^  the  last  one  has  dis- 
appeared, and  the  numerous  haemal  arches  are  arranged  like  radii 
diverging  upwards  and  downwards  from  the  last  caudal  vertebra. 

A.A.A.S.    VOL.  XZ.  42 
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In  the  highest  gronpsi  as  Pharyngognaihiy  Ao^  they  beeome  co- 
ossified  ;  and  the  tail  has  oompleted  its  specialization.  This  is  the 
type  called  thomfioercal  or  diphyeercal  by  later  writers. 

These  types  are  thus  plainly  stages  in  the  development  of  this 
member,  the  first  and  second  being  simply  arrests  oi  development 
of  the  last.  Thus  the  young  salmon  commences  with  an  eel-like 
vertebral  colunm,  or  is  isacerccU:  it  presently,  by  the  upward 
curvature  of  the  column,  and  unequal  development  of  the  caudal 
fin,  becomes  diphyeercal^  but  ceases  to  grow  before  it  has  quite 
accomplished  this  stage.  The  PdypteruSj  the  eels,  OyniHorchtia^ 
and  other  fishes,  ossify  the  vertebrae  in  the  isocercal  stage.  The 
heterocercal  type  is  seen  in  the  Chondroateiy  where  the  vertebm 
never  ossify.    In  Zepidoeteus  and  Amicif  they  ossify  in  this  stage. 

I  fiirther  specify  the  characters  of  the  orders  otPhysosiami  and 
the  families  they  contain. 

Oingflymodu 

Parietals  in  contact ;  pterotic  and  opisthotic  absent ;  symplectic 
present.  Mandible  with  coronoid,  opercular,  angular  articular,  and 
dentary  bones. '  Basis  cranii  simple.  Third  superior  pharyngeal 
bone  small,  lying  on  fourth ;  upper  basihyal  wanting.  Maxillary 
subdivided.  A  pr»coracoid  arch.  VertebrsB  opisthoccelian.  Pec- 
toral fins  with  mesopterygium  and  five  other  basal  elements. 

One  family,  the  X,epido8te%dcBj  with  heterocercal  tail,  cartilagi- 
nous pnecoracoid,  one  axial  hyoid,  and  three  basal  branchihyals. 

JSTalecomatphi. 

Parietals  in  contact;  pterotic  and  opisthotic  present,  and  with 
basis  cranii,  and  anterior  vertebrse,  simple.  Mandible  with  oper- 
cular and  coronoid;  maxillary  not  segmented,  bordering  the 
mouth.  Third  superior  pharyngeal  lying  on  enlarged  fourth; 
upper  basihyal  wanting.  Vertebrs  amphiccelian.  Pectoral  fins 
with  mesopterygium  and  eight  other  elements. 

One  fiunily,  the  Amiidae  with  heterocercal  tail,  cartilaginous 
praecoracoid,  one  axial  and  four  basal  branchihyals. 

JSTematognathu 

Parietals  and  supraoccipital  confluent.  Four  anterior  vertebne 
co-ossified,  and  with  ossicula  auditus.  No  mesopterygium.  Basis 
cranii  and  pterotic  bone,  simple ;  no  coronoid  bone.    Third  sopo- 
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rior  pharyngeal  bone  wanting  iyt  small,  and  resting  on  tbe  fourth ; 
second  directed  backwards.  One  or  two  pairs  basal  branchihyals ; 
two  pairs  branchihyals*  Sabopercnlnm  wanting,  premaxillary 
forming  month-border  above.    Interclavides  present. 

This  division  is  the  nearest  ally  of  the  stoi^eons  (C7umdro9tet) 
among  Physostomous  fishes,  and  I  imagine  that  future  discoveries 
will  prove  that  it  has  been  derived  from  that  division  by  descent. 
In  the  same  way  the  Isospondylons  fishes  are  nearest  to  the  JETaJle- 
comorphi,  and  have  probably  descended  from  some  Croascpteryffian 
near  the  Maplistic^  through  that  order.  There  are  great  varieties 
of  type  in  subordinate  features,  to  be  found  in  the  JSTematognathu 
The  affinity  of  the  catfishes  to  the  sturgeons  is  seen  in  the  ab- 
sence of  symplectic,  the  rudimental  maxillary  bone,  and,  as  observed 
by  Parker,  in  the  interclavides.  There  is  a  superficial  resemblance 
in  the  dermal  bones.  The  rudimental  mesopterygium  shown  by 
Oegenbauer  to  exist  in  the  young  SUuridae^  the  prascoracoid  arch 
and  the  ventral  fins,  are  shared  with  the  sturgeons  and  other  divi- 
sions. 

There  are  considerable  varieties  of  type  in  subordinate  features 
to  be  observed  in  the  Nematognathi.  The  Hypophffialmidae  are 
indeed  scarcely  to  be  referred  to  this  order. 

1.  Anterior  vertebne  modified;  inferior  pharyngeal  bones  dis- 
tinct ;  fewer  branchiostegal  radii. 

Opercidiim  present. SUundae, 

Operculum  wanting Aspredinidae, 

2.  Vertebne  unmodified ;  inferior  pharyngeal  bones  united  their 
whole  length ;  many  branchiostegal  rays. 

Operculum  present Hypophthalmidae, 

In  the  SUuridae  we  have  other  modifications  of  importance. 
Thus  in  PlotosuB  the  second  superior  pharyngeal  is  wanting.  In 
JLoriearia  and  its  allies,  the  pterotio  is  greatly  expanded,  so  as  to 
unite  with  the  hyomandibular  and  opercular  bones. 

Scyphophori. 

Parietals  narrow,  distinct  from  each  other  and  the  supraoccipital. 
Pterotic  large,  funnel-shaped,  enclosing  a  chamber  which  expands 
externally,  and  is  covered  by  a  lid-like  bone.  No  symplectic.  Op- 
ercular bones  present.  Anterior  vertebrsB  unaltered.  No  meso- 
pterygium.   Basis  cranii  simple.    No  interclavides. 
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This  very  distmct  group  is  about  equally  allied  to  the  preceding 
and  the  following.  The  arrangement  of  the  parietal  bones  appears 
to  explain  that  of  the  SUurotds^  about  which  there  is  some  differ- 
ence of  opinion  among  naturalists.  Thus  Huxley,  in  his  memoir  on 
the  Ganoids,  in  his  figure  of  ClariaSy  labels  these  confluent  elements 
(as  I  suppose  them  to  be  at  present)  supraoccipitals.  Parker 
(Shouldergirdle)  calls  them  parietals.  The  fiuoilies  of  this  order 
are  two,  viz.:  — 

Tail  iflocercal Gymnarehidae, 

Tail  diphycercal Mcrmyridae. 

In  Mormyons  there  is  one  vertebra  of  the  original  series  left  in 
the  tail. 

Plectospandyli. 

Parietals  broad,  distinct;  pterotic  normal;  symplectic  present. 
Opercular  bones  all  present ;  no  interclavides.  Anterior  four  ver- 
tebrsB  much  modified,  and  with  ossicula  auditus. 

1.  Brain  case  produced  between  orbits ;  only  two  superior  pha- 
ryngeal bones ;  basis  cranii  simple. 

a.  Only  two  basal  branchihyals. 

Tail  diphycercal CatoiUmkbe. 

cut.  Three  basal  branchihyals. 

•r^^'^ s?Er 

Tail  iflocercal Stemopygidae. 

2.  Brain  case  not  produced  between  orbits,  basis  cranii  double 
with  muscular  canal  in  many ;  four  to  one  superior  pharyngeal 
bones. 

Three  basal  bnmchihyal. {  Erythrimdae. 

laoapandyli. 

Parietals  separate;  symplectic  present;  no  interdavides.  Ante- 
rior vertebras  simple,  unmodified.  Pharyngeal  bones  separate, 
above  and  below. 

An  extensive  group,  presenting  many  subordinate  modifications. 

1.  Tail  subisocercal ;  pterotic  externally  annular,  enclosing  a 
large  cavity;  basis  cranii  double.  Nbtopteridae. 

2.  Tail  diphycercal ;  pterotic  normal ;  basis  cranii  double :  supe. 
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nor  pharyngeals  four,  distinct;  third  largest  directed  forwards; 
basal  branchihyals  three :  (typical). 

a.  Farietals  united. 

r  HyodonHdae. 
Two  tail  Yertebre ^  Albulidae, 

(^Elapidae, 

f  Aulopithe, 
One  tail  yertebra ^  Coregonidae, 

^  Ltttodiridae, 

No  tail  TertebrsB .     J  J*     i    '  r-j 

I  Gonorhyncnicuu. 

(ta,  Parietals  separated  by  snpraoccipital. 

TwotaUyertetaB    .    .    .' ^^yoce^alidae. 

(  Smmonidae. 

Onetaflrertebra \  Clupeidae. 

3.  Tail  diphycercal;  pterotic  normal ;  basis  cranii  simple.  Basal 
branchihyals  and  superior  pharyngeals,  each  three :  OsteoglosHdae. 
The  same  bones  each  two.  (  Galaociidae. 

(  Heterotidae. 
JETaplomi. 

No  praecoracoid  arch.  Parietal  bones  separated  by  the  snpraoc- 
cipital. A  symplectic ;  opercular  bones  present ;  anterior  vertebrsB 
unaltered.  Pharyngeal  bones  distinct;  the  superior  directed  for- 
wards, three  or  four  in  number.    No  interclavides. 

1.  Basb  cranii  double ;  maxillary  entering  mouth  border.  JSso- 
cidae. 

2.  Basis  cranii  simple ;  maxillary  bounding  mouth.    Vmbridae, 
8.  Basis  cranii  simple;  mouth  bounded  by  premaxillary  only; 

third  upper  phar3mgeal  enlarged.  (  Of/prinodontidae, 

(JBypscieidae. 
Glcmenchdi. 

Parietal  bones  extensively  in  contact,  distinct;  pterotic  normal; 
a  symplectic.  Opercular  bones  complete ;  mouth  bounded  by  pre- 
mmdUary  chiefly ;  six  or  seven  basilar  pectoral  rays.  No  prascorsr- 
coid  or  interclavides.  Anterior  vertebrsB  united,  modified,  and 
with  osfiioula  auditus.  Superior  pharyngeal  bones  subequal,  con- 
tinuous. 

One  &mily,  the  Oymnotidae^  which  approaches  the  eel-like 
SUvaridae^  the  Stemopygidae^  and  the  Monopterus  of  Java,  so  as  to 
be  in  a  measure  intermediate  between  them.  The  characters  are : 
no  parietal  fontanelle ;  four  superior  jpharyngeals ;  three  basal  bran- 
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ohihyalB ;  brain  prolonged  between  orbits.  The  straoture  of  the  fins, 
and  the  rudimental  maxillary  bones,  distinguish  this  fiimily  from  the 
Stemopygidas^  with  which  they  have  been  heretofore  associated. 
In  the  first  they  are  like  the  eels,  in  the  latter  the  silnroids. 

Ichthyocephali. 

Epidavicle  suspended  to  posttemporal  and  to  cranium;  mouth 
bounded  above  by  premaxillaries,  which  are  in  contact  on  the 
median  line,  and  in  contact  with  a  distinct  maxillary  by  the  pos- 
terior margin ;  no  intemeural  spines,  pectoral  fins,  or  symplectic 
bone;  two  basal  branchihyal  pairs.  Vertebras  unaltered.  Two 
pairs  basihyals. 

One  family,  the  MonopUridae.  Two  (third  and  fourth)  superior 
pharyngeal  bones  on  each  side.    The  general  form  is  eel-like. 

Holoatomi. 

Epiclavicle  suspended  to  fourth  yertebra,  posttemporal  wanting. 
Parietals  in  contact.  Mouth  bounded  by  the  premaxillaries,  which 
are  in  contact  medially  and  bounded  behind  by  maxillary.  Sjrm- 
plectic  present ;  vertebrsa  unaltered ;  no  pectoral  fin.  Third  supe- 
rior pharyngeal  not  smaller  than  fourth* 

One  family,  the  Symbranchidae^  with  the  genera  Amph^pnauM 
and  Symbranckua. 

Enchdycqphali. 

Parietals  in  contact ;  lower  pair  of  basihyals  wanting.  Scapular 
arch  suspended  to  an  anterior  vertebra ;  no  posttemporal ;  no  sym- 
plectic; maxillary  bone  absent  or  connate  with  premaxillary,  which 
forms  border  of  mouth.  Premaxillaries  separated  on  the  median 
line  by  the  ethmoid.  Superior  branchihyals  and  inferior  and  supe- 
rior pharyngeals  well  developed ;  the  latter  of  three  bones.  Of 
these  the  fourth  is  largest  and  supports  the  third,  which  with  the 
second  is  directed  forwards. 

1.  Palatopterygoid  arch  completed ;  pectoral  fins.        Oongridae, 
%  Pectoral  fins ;  palatopterygoid  arch  refNresented  by  incomplete 
pterygoid ;  premaxillaries  more  widely  sep-         f  Angtdttidae, 
arated .  (  Muraenesocidae. 

Colooephali. 

Parietals  largely  in  contact;  opercular  bones  rudimental;  the  pr»* 
operculum  generally  wanting.   Pterygoids  rudimental  or  wanting; 
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ethmoid  very  wide.  Symplectic,  mazillarj,  basal  branchihyals, 
Baperior  and  inferior  pharyngeal  bones,  all  wanting,  except  the 
fourth  superior  pharyngeal.  This  is  jaw-like,  and  supported  by  a 
strong  superior  Inranchihyal ;  other  superior  Inranehihyals  wanting 
or  cartilaginous. 

A  glossohyal  and  osseous  lateral  branchihyals ;  four  opercular 
bones;  a  scapular  arch.  Bataburidae.* 

No  glossohyal  nor  osseous  lateral  branchihyals ;  three  or  fewer 
opercular  bones ;  no  scapular  arch.  M/traenidae, 

It  is  evident  from  the  above,  that  the  eel-like  form  conmion  to 
the  last  five  orders  is  not  more  important  in  a  systematic  sense, 
than  the  fish-like  form,  which  is  conmion  to  so  many  of  the  others. 

Physocltsti. 

The  following  is  an  analytic  synopsis  of  the  orders.  They  all 
have  the  parietals  entirely  separated  by  the  supraocdpital  and 
lack  the  prsBcoracoid ;  the  symplectic  is  present,  except  in  Ostrc^ 
ctum,  where  it  is  not  ossified. 

a.  SOAFVLAB  ABCH  NOT  SUSPENDBD  FBOM  THB  CBANIUlf. 

Superior  branchihyals  and  pharyngeals  developed ;  inferiors  de- 
veloped ;  maxillary  distinct.    15.  Opisthomi. 

aa.   SCAFUULB  ABCH  SUSPBNDXD  FBOM  THE  GBANIUM. 

I.  Vbntbal  Fixs  Abdohikal. 

Branchial  arches  well  developed,  the  bones  present,  except 
fourth  superior  pharyngeal;  third  complex,  much  enlarged;  inferior 
pharyngeals  distinct.    16.  I^ercesoces.    Mullet,  &c. 

Third  and  fourth  superior  pharyngeals  much  enlarged,  inferior 
pharyngeals  co-ossified.    17.  SynentognaUii.    Soft  gar. 

Superior  branchials  and  pharyngeals  reduced  in  number ;  infe- 
riors separate;  interdavicles  present.  18.  JETemibranchi.  Pipe- 
fishes. 

Superior  branchihyals  and  pharyngeals,  and  basal  branchihyals 
wanting,  gills  tufted.    19.  Zcphobranchi  (sea-horse). 

n.  Ybntbal  Fms  Thobacic  ob  Jugulab. 

First  vertebra  united  to  cranium  by  suture;  epiotics  united 
behind  superoccipital ;  basal  pectoral  radial  bones  elongate.  20. 
PedicuUUi  (goose  fish,  &c.) 

*  Indttdw  proboUj  SpkagAranckuM. 
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Posterior  cephalic  region  normal,  anterior  twisted  so  as  to  bring 
both  orbits  on  one  side ;  inferior  pharyngeals  distinct.  21.  JBJeter^ 
osmcUa  (flounders). 

Cranium  normal,  the  premazillaries  usually  co-ossified  with  the 
maxillaries  behind,  and  the  dentary  with  the  articular ;  pharyngeal 
bones  distinct.    22.  JPlectognathi^  file  fishes. 

Cranium  normal ;  bones  of  the  jaws  distinct;  inferior  pharyngeal 
bones  distinct.    23.  JPercomorphi^  perch. 

Cranium  normal;  bones  of  the  jaws  distinct;  third  superior 
pharyngeal  much  enlarged,  articulating  with  cranium;  inferior 
pharyngeals  co-ossified.  24.  JPharyngoffncUhi — Burgall,  parrot- 
fish. 

These  orders  will  be  more  Ailly  defined,  and  the  families  which 
are  referable  to  them  pointed  out. 

ChnercU  ObservcUiona. 

In  tracing  the  affinities  of  the  Phyaoatomi^  I  haye  pointed  out 
the  relation  between  the  Chondroatei  and  the  NematogncUhij  and 
between  the  ffalecomarphi  and  the  laoapondyli.  The  series  com- 
menced with  the  catfishes  may  be  continued  into  the  Mormyri^ 
and  then  to  the  families  of  the  Plectoapondyliy  where  the  series 
with  altered  vertebrsB  and  with  ossicula  auditus  terminates.  The 
Characins  have,  however,  considerable  afiinity  to  the  laoapondyli^ 
especially  in  the  type  of  their  branchial  bones.  From  the  latter 
group  we  pass  to  the  JBaplomij  and  thence  to  the  Phyaodyat 
groups.  The  eel-like  groups  form  a  special  line.  The  CRanenchdi 
have  cranial  characters  of  the  groups  with  modified  vertebne,  with 
fins  of  the  more  typical  eels.  The  latter  show  a  steady  approach 
in  some  points  to  the  conditions  characterizing  the  Chondroatei. 
The  loss  of  the  maxillary,  of  opercular  bones,  and  of  pharyngeal 
elements,  reminds  one  of  these,  but  in  the  loss  of  the  premaxillary, 
and  great  development  of  the  ethmoid,  in  the  ColocephcUi^  we 
have  features  quite  unique.  The  vertebral  position  of  the  scapulai 
arch  is  the  only  shark  character  they  possess ;  while  on  the  othei 
hand,  the  Holoatomi  are  undoubtedly  related  to  the  MaatacemJbe- 
lua,  a  real  Phyaodyat  with  spinous  dorsal  fin.  These  relations  arc 
as  yet  entirely  inexplicable. 

The  affinities  among  the  Phyaodyati  are  more  clear.  Omitting 
the  genus  above  mentioned,  we  find  the  four  orders  with  ventral 
fins  to  form  a  true  series,  with  a  Synentognath  variation,  terminat- 
ing in  the  greatly  degraded  order  of  Lophobranchii.    The  Perceao- 
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ces  give  ns  our  nearest  connection  with  the  groups  with  abdominal 
ventral  fins,  and  lead  at  once  to  the  Percomorphi,  From  this  cen- 
tre radiate  many  lines  of  affinity.  One  leads  from  the  Chaetodon- 
tidae^  through  the  Acronuridae  and  to  the  JPlectognathi^  by  the 
similarity  in  the  arrangement  of  the  posttemporal  and  ibrms  of  the 
pharyngeal  apparatus.  An  important  division  of  the  Percomorphi 
has  the  basis  cranii  simple  and  the  branchials  reduced  above ;  viz., 
the  Scyphobranchu  The  Cottidae  are  the  most  generalized  family 
of  this  group,  and  lead  on  the  one  hand  to  the  Triglidae  of  the 
JHstegi,  with  which  they  are  generally  arranged,  and,  on  the  other, 
the  JBlenniidae.  Some  of  the  latter  elongate  the  basal  pectoral 
bones  considerably,  and  lead  to  the  Patrachidae  on  the  one  side, 
where  the  number  of  these  bones  is  increased,  and  on  the  other  to 
the  PediciUati^  where  the  number  is  diminished.  To  these  groups 
the  Anacanthini  and  Meterosomata  are  also  allied. 

The  third  upper  pharyngeal  bone  has  already  presented  an  in- 
crease of  mass  and  use  in  the  first  orders  of  Physoclysti  with  ven- 
tral fins.  Among  the  Percomorphi  the  same  increase  makes  its 
appearance  by  little  beginnings  in  some  Sdaenidae.  It  is  quite 
noteworthy  in  most  of  the  Carangidae^  a  group  whose  separation 
from  the  jScombridae  by  Gunther  is  supported  by  this  part  of  their 
organism.  Through  forms  not  now  specified,  approach  to  the 
Phary7igognathi  is  made.  Here  the  pharyngeals  are  modified  into 
a  mill-like  structure,  which  is  least  specialized  in  the  Mnbiotocidaey 
and  most  so  in  the  Scaridae* 

These  orders  are  more  fully  defined  below,  and  the  families 
which  are  referable  to  them  pointed  out. 

Percesoces. 

Ventrals  anteriorly  or  posteriorly  abdominal.  Mouth  formed  by 
premaxillaries ;  posttemporal  furcate,  anteriorly,  not  sutiirally 
attached.  Three  basal  branchihyals ;  all  those  of  the  superior 
series  generally  present.  Superior  pharyngeals  with  the  third  very 
largely  developed,  but  not  articulated  to  the  cranium.  Inferior 
pharyngeals  distinct ;  l>asal  pectoral  rays  four,  short.  Basis  cranii 
without  muscular  tube,  but  with  rudimental  upper  floor. 

1.  Dorsal  fin  of  branched  radii;  no  second  floor  of  brain  case; 
a  transverse  wing  on  inside  of  hyomandibular ;  second  superior 
pharyngeal  rod-like ;  first  present,  third  simple.    Opheoc^hcdidae. 

2.  Dorsal  fin  of  spinous  and  soft  portion ;  no  hyomandibular 
wing;  second  superior  pharyngeal  subconic,  third  very  large,  of  two 
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horizontal  laminae,  the  superior  supported  by  the  inferior  by  a  ver- 
tical rod.  Superior  branehihyals ;  second  a  triangular  plate  with 
superior  exterior  process ;  third  and  fourth  triradial.    JHugUidae. 

3.  Dorsal  fin  of  spinous  and  soft  portions,  ventrals  more  abdomi- 
nal; third  superior  pharyngeal  long  and  wide,  simple;  second 
rod-like.  Basis  cranii  with  upper  floor  better  developed.  Athe- 
rinidae. 

The  family  of  Cyprinodontidae  approaches  the  Opheoc^halidae 
very  closely,  differing  as  to  ordinal  characters  in  the  presence  of  the 
ductus  pneumaticus.  The  form  of  the  maxillary  bone  and  anterior 
position  of  the  ventral  fins  ally  them  to  the  Mugilidaey  while  the 
enlarged  third  superior  pharyngeal  even  exceeds  that  of  the  Athe^ 
rinidae.    The  physiognomy  brings  it  into  relation  with  this  order. 

SynerUognathL 

Mouth  bounded  by  the  premaxillary  only;  parietal  bone  very 
much  reduced ;  posttemporal  slender,  furcate ;  epiclavide  not  dis- 
tinct. Pectoral  fin  with  elevated  basis;  no  interclavicle.  Supe- 
rior pharyngeals :  second  and  third  large,  oval,  not  articulated  to 
cranium,  sending  processes  forward;  fourth  wanting.  Inferior 
pharyngeals  co-ossified.  Basis  cranii  double  in  front,  but  without 
muscular  tube. 

The  only  family  of  this  order,  the  Scombresoctdc^  has  a  diphy- 
cercal  tail  and  no  spinous  dorsal  fin.  In  its  rather  weak  superior 
branehihyals  it  shows  resemblance  to  the  next  order, 

ffemibranchii. 

Mouth  bounded  above  by  premaxillary  only ;  posttemporal  not 
furcate.  Pectoral  fins  elevated ;  interclavicles  developed.  Supe- 
rior pharyngeals  small,  weak ;  second,  third,  and  generally  fourth 
present ;  branehihyals  rudimental ;  the  fourth,  and  sometimes  others 
wanting.  Inferior  pharyngeals  distinct.  Branchial  processes,  nar- 
row laminae. 

Basis  cranii  simple ;  no  tube. 

1.  No  first  dorsal  fin;  dorsal  vertebrae  moderately  elongate, 
united  by  suture ;  ?  no  suboperculum ;  second  and  third  superior 
branehihyals,  and  third  superior  pharyngeal  only  present.  I^ega^ 
Bidae. 

2.  Anterior  vertebrae  but  little  enlarged ;  dorsal  spines  strong ; 
first,  second,  and  third  superior  branehihyals,  and  second  and  third 
superior  pharyngeals  present.     Oasteroateidae. 
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8.  Pour  anterior  dorsal  vertebrae  much  elongate;  (centrum 
and  spine  united  by  suture  in  Fistularia),  dorsal  spines  very  weak 
or  none.    Fistvlariidde. 

a.  Superior  branchihyals  cartilage,  three  superior  phaiyngeals. 
A.ulo8tom(L 

b.  Three  anterior  superior  branchihyals  osseous ;  three  pharyn- 
geals, directed  forwards.    Fiattdaria. 

4.  Four  anterior  vertebrsB  much  elongate,  with  strong  diapophy- 
ses,  and  normal  articulations.  Fourth  superior  branchihyal  and 
first  and  fourth  superior  pharyngeal  only  wanting.     Centrisctdae. 

5.  Six  anterior  vertebrse  extremely  elongate,  with  normal  articu- 
lations of  centra.  Fourth  supra-branchihyal  and  all  the  superior 
pharyngeals  wanting.    Amphisilidae. 

This  very  natural  order  connects  the  ordinary  fishes  immediately 
with  the  JLophobranchii. 

The  iamily  Gasterosteidae  is  the  least  specialized  of  them,  and 
presents  some  relationships  to  Nematocentria  a  genus  of  Athe- 
rinidae  from  Australia.  The  latter  has  flat,  transverse,  and  serrate 
spinous  rays  to  both  dorsal  fins,  which  both  exhibit  soft  rays,  as 
though  in  anticipation  of  their  absence  anteriorly  in  Gasterosteus. 
The  relationships  of  this  order  to  the  Lophobranchs  are  numerous. 
They  are,  the  weakening  of  the  branchial  apparatus,  the  presence 
of  the  interclavicles  (which  I  find  in  all),  the  simplicity  of  the 
posttemporal  bone  and  basis  cranii ;  the  shortness  of  the  branchial 
processes :  the  prolongation  of  the  muzzle  and  ganoid  plates  are 
characters  of  subordinate  relationship.  On  the  part  of  the  Lopho-- 
branchii  the  Solenostomidae  approach  this  order,  but  to  which 
fiunily  I  am  not  sure,  probably  to  the  Fistulariidas. 


JLophobranchii. 

Mouth  bounded  by  the  premaxillary  above ;  posttemporal  sim- 
ple, co-ossified  with  the  cranium.  Basis  cranii  simple.  Pectoral 
fins  with  elevated  basis;  well-developed  interclavicles.  Anterior 
vertebras  modified ;  the  diapophyses  much  expanded.  Inferior  and 
superior  branchihyals  wanting  or  unossified.  Branchial  processes 
in  tufts. 

1.  A  weak  spinous  dorsal  fin.     Solenostomidaes 


2.  No  spinous  dorsal  fin.  |  ^ff»^^^- 

\  JSUppocamjndae. 
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I^edicuicUi. 

Basal  radii  of  pectoral  fin  elongate,  reduced  in  number ;  no  in- 
terclavicles.  Epiotics  united  above  behind  supraoccipital,  and 
the  first  vertebrae  with  the  cranium  by  suture;  posttemporal 
broad,  flat,  simple.  Superior  pharyngeals  two  similar,  spatulate 
with  anterior  stem  and  transverse  blade.    Basis  cranii  simple. 

Two  families,  the  Antennariidae  with  three,  the  Lophiidae 
(XfOphius  HcUieutaea  Malthe)  with  two,  basal  pectoral  radii.  They 
connect  with  the  Fercomorphi  by  the  Blenniidae  and  Batrachidae, 

Heterosomata, 

Cranium  posteriorly  normal;  basis  nearly  simple;  dorsal  fin 
without  spinous  radii.  Cranium  anteriorly  with  twisted  vertex,  to 
allow  of  two  orbits  on  one  side,  or  one  vertical  and  one  lateral. 
Superior  pharyngeals  four,  the  third  longest  much  extended  for- 
wards, inferiors  separate. 

Embraces  the  family  of  Pleuronectidae. 

Plectoffnathi. 

Cranium  posteriorly  normal,  the  posttemporal  undivided  co- 
ossified  with  the  eplotic.  The  elements  of  the  mandible,  and  usu- 
ally the  premaxillaiy  and  maxillary  co-ossified.  Interoperculum  a 
slender  rod.  Superior  pharyngeals  laminar,  usually  vertical  and 
transverse.    A  suboperculum. 

1.  Maxillary  distinct ;  superior  pharyngeals  vertical,  transverse, 
fourth  present,  minute.     Triacanthidas. 

2.  Maxillary  co-ossified ;  basis  cranii  double,  with  tube.  Pharyn- 
geals vertical,  transverse ;  fourth  wanting.    Balistidae, . 

3.  Maxillary  co-ossified ;  a  symplectic ;  basis  cranii  simple. 
Pharyngeals  transverse,  vertical;  fourth  present.    TetrodorUidae. 
Same  more  longitudinal.    Diodontidae. 

Maxillary  co-ossified;  symplectic,  not  ossified;  interclavicles 
present.  Fourth  superior  pharyngeals  wanting,  second  and  third 
forming  a  vertical  subcubic  mass.     Oatrddidae. 

The  contents  of  this  order  are  heterogeneous,  and  it  is  question- 
able whether  section  fourth  really  belongs  to  it.  The  Plectognaths 
are  associated  with  the  true  percifortn  fishes  by  Triacanthus  on 
their  part  and  the  AcronuridcLe  and  C/iaetodontidae  on  the  other. 
Their  affinities  have  never  been  in  my  estimation  heretofore 
properly  expressed  in  the  systems,  where  they  have  always  been 
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arranged  at  a  distance  from  the  higher  Physoclyati.  Yet  the 
stmcture  of  the  swim-bladder,  skull,  scapular  arch,  caudal  vertebraB, 
pectoral  fin,  in  fact  every  thing,  combines  to  indicate  their  position 
to  be  here.  The  shortened  jaws,  especially  the  maxillary  of 
Acanthurus  remind  one  of  Triacanthus^  and  its  closely  united, 
slender  femora  approach  those  of  JBalUtea.  The  co-ossification  of 
the  simple  posttemporal  with  the  cranium  confirms  the  afiinity. 

Percomorphi. 

Bones  of  the  mandible  distinct ;  maxillary  distinct.  Cranium 
symmetrical ;  epiotics  normal ;  no  interclavicles ;  posttemporal  not 
co-ossified  with  cranium.  Basal  pectoral  radii  not  enlarged; 
humeri  suspended  (generally)  from  the  scapular  arch.  Basi- 
branchihyals  three;  inferior  pharyngeals  distinct;  superior  pharyn- 
geals with  the  third  generally  largest.  Sub  and  inter  operculum 
present,  plate-like. 

This  extensive  order  embraces  a  great  variety  of  forms,  some  of 
which  may  yet  be  regarded  as  forming  distinct  orders.  At  present 
I  am  not  sufficiently  sure  of  their  exact  definition  to  admit  them 
as  such. 

I,  AKACANTHran. 

Basis  cranii  simple,  no  tube ;  posttemporal  bifurcate ;  scapular 
foramen  between  scapula  and  coracoid.  Superior  pharyngeals 
three,  horizontal,  third  little  longer.  Dorsal  fin  rays  flexible 
jointed.  Includes  the  families  Oadidae  and  Macruridae^  both  with 
isocercal  caudal  vertebraB. 

n.   HAPLODOCI. 

Basis  cranii  simple,  flat ;  posttemporal  simple,  undivided.  Scap- 
ular foramen  in  centre  of  scapula.  Basal  segments  of  pectoral  fin 
five,  elongate ;  superior  pharyngeals  contracted ;  first  and  fourth 
wanting;  third  basin-shaped  with  second  adherent.  Dorsal  fin  with 
some  spinous  rays. 

One  family  the  JBcUrachidae, 

m.    SCYPHOBBANCHn. 

Basis  cranii  simple,  no  tube;  posttemporal  furcate;  superior 
pharyngeals  shortened ;  fourth  and  first  generally  wanting ;  third 
large,  basin-shaped  i  second  generally  scale-like  or  co-ossified  with 
third.    Scapula  with  median  foramen.    Dorsal  radii  usually  soft. 
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Families  Uranoscopidae,  Gohiidae  (genera,  Oobtus^  PhilypnuSj 
£Jleotri8y  CaUionymus^  Periopkthalmus^  Boleophthalmus^  Ambit/- 
opus,  TrypaucJien),  JBlenniidae  (ZoarceSy  AnarrhicaSy  CrypUican- 
thodes,  SalariaSy  CerUranottcs,  Cristiceps),  Qobieaocidae  ( Grobieaox 
fSict/ases,  Lepadogaster) ;  CoUidae  (  Uranidecu,  Coitus^  XepCocoUtUy 
Hemitripterus,  Scarpoennchthys),    Aspidopharidae. 

lY.   EPELASMIA. 

Basis  cranii  double,  with  basal  muscular  tube;  posttemporal 
undivided.  Second,  third,  and  fourth  superior  pharyngeals  trans- 
verse vertical  laminaB.  Scapula  with  median  foramen ;  basal  pec- 
toral bones  four,  short.  Dorsal  spines  strong.  Families  Acronuri- 
dae  (with  Amphacanthus,  Acanthurua,  Ac.,)  and  Chaetodantidae 
(with  ChoBtodoHy  Chdmo,  ZanduSy  PkUasKj  Heniockus,  Taurichthys, 
JEpihippus,  and  Toxotea.) 

V.   BHEGNOPTEBI. 

Basis  cranii  double  with  tube ;  posttemporal  bifurcate ;  scapula 
with  median  foramen ;  superior  pharyngeal  bones  four ;  third  largest, 
narrow,  directed  forwards.  Basal  pectoral  bones  divided ;  two 
normal,  supporting  fin ;  one  longitudinal  without  rays,  and  one  a 
plate  on  coracoid,  supporting  elongate  rays.     Dorsal  spines. 

One  family,  the  Trichidiontidae, 

VI.  DI8TB6I. 

Basis  cranii  double,  with  muscular  tube.  Posttemporal  bifurcate; 
scapula  with  median  foramen ;  basal  pectorals  three  or  four  short, 
quadrate.  Superior  pharyngeals  bones  form;  third  always  the 
largest ;  longitudinal,  more  or  less  elongate,  not  articulated  to  the 
cranium.  Inferior  pharyngeals  separated.  Dorsal  fin  with  strong 
spines. 

cu  Third  externally  elongate,  narrowed  forwards ;  Scombrtdcte^ 
Xiphictdidaey  TVichiuridae. 

^.  Third  shorter,  but  narrowed ;  JBerycidae^  Percidae  in  part. 

7.  Third  nearly  wide  as  long ;  Percidae  pt.  Sparidae^  Sciaeni- 
dasy  Pristipomatidaey  Triglidae  pt* 

d.  Third  much  elongated  into  a  grinder.  SiUaginida^  Caranr- 
gidae  (Scyris,  Blepharis,  Lactarius,  Drepane  Equula,  Trachynotus) ; 
^hmeidaey  Gerreidaey  Meterognathidae,  AnModon  (fourth  want- 
ing)- 
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d.  Third  more  or  less  basin-shaped ;  Pterois^  Synanceia^  Scot- 
pctena^  Pdor  (tabe  rudimental,)  PeristedioTiy  (Triglapot). 

Vn.    LABEYRINTHICI. 

Basis  cranii  double,  with  muscular  tube;  Superior  pharyngeals 
without  the  fourth ;  third  massive  articulated  to  cranium ;  one  or 
other  of  the  superior  branchihyals  developed  into  vertical  laminae, 
often  involuted.    Infeiior  pharyngeals  distinct.   Dorsal  fin  spinous. 

I.  Second  superior  pharyngeal  present,  superior  branchihyals 
present,  fourth  greatly  laminated.     Osphromenidae, 

II.  Second  superior  pharyngeal  wanting ;  first  superior  branchi- 
hyal  with  three  laminae. 

DC.  Second  and  third  superior  branchihyals  present.  AncLbantU 
doe  (Poly acanthus  Anabas). 

a  a.  Second  (and  third  ?)  superior  branchihyals  wanting.  Se- 
lostoma. 

Pharyngognathi. 

Basis  cranii  double  with  tube ;  basilar  bones  of  pectoral  four, 
short ;  scapula  with  median  foramen.  Cranium  normal  posteriorly ; 
posttemporal  bifurcate.  Superior  branchihyals  not  complicated ; 
superior  pharyngeals  with  the  third  greatly  developed  and  attached 
by  movable  articulation  to  ciranium,  the  others  wanting  or  rudi- 
mental.   Inferior  pharyngeals  solidly  co-ossified. 

1.  Second  and  fourth  superior  pharyngeals  present ;  second  rod- 
like ;  fourth  rudimental.    JSmbiotocidae. 

2.  Fourth  wanting ;  second  flat,  connate,  dentate.  Chromididae, 

3.  „  „  second  rod-like,  rudimental.     Lahridae. 

4.  „  „  second  wanting;  third  articulated  immov- 
ably to  the  fourth  superior  branchihyal.     Odax  Oomphosus. 

5.  Fourth  wanting ;  second  wanting ;  third  articulated  to  fourth 
superior  branchihyal  by  a  sliding  joint.     JScaridae. 
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5.  On  the  Extinct  Tortoises  of  the  Cretaceous  of  Xew 
Jersey.  By  Professor  E.  D.  Cope,  of  Philadelphia,  Penn- 
sylvania. 

(Abstract.) 

His  object  was  to  explain  two  cases  of  "generalized  groups," 
such  as  are  not  common,  comparatively  speaking,  and  are  of  much 
importance  in  the  history  of  life.     Generalized  or  synthetic  groups 
^  of  naturalists  were  explained  to  be  those  which  combined  the  char- 
acters of  others.     They  were  generally  found  in  earlier  geologic 
time,  while  the  more  widely  differing  groups  occurred  later  in  time. 
The  cases  were  as  follows.    It  was  explained  that  the  existing 
division  of  the  marine  turtles  (  Chdoniidcs)  possess  sternal  bones 
united  by  but  few  sutures,  or  with  wide  intervals;  straight  humerus 
and  femur,  and  flat  limbs,  with  truncate  finger-bones  incapable  of 
flexion.    It  was  shown  that  the  existing  snapping  tortoises  possess 
a  narrow  cross-shaped  sternum  with  the  bones  everywhere  united 
to  each  other,  the  femur  and  humerus  curved,  and  the  toes  with 
hinge-jointed  phalanges  capable  of  much  flexion.     It  was  then 
pointed  out  that  in  the  New  Jersey  Green  sand  a  type  of  turtles  is 
found,  embracing  several  genera  and  species,  in  which  the  sternum 
has  the  elements  generally  united  by  sutures,  except  two  central 
fontanelles,  being  thus  intermediate  between  that  of  the  Chdoniidm 
and  that  of  the  Chelydras  (snappers)  ;  that  the  femur  and  humenis 
are  curved,  as  in  the  snappers,  but  the  limbs  are  oar-like  bodies 
with  truncate  phalanges,  as  in  the  sea-turtles.     This  family  he 
called  the  Propkuridm. 

The  second  case  was  presented  by  tortoises  of  a  character  like 
those  now  inhabiting  fresh  waters.  The  EmydidcB^  or  common 
river  tortoises  of  the  northern  hemisphere,  were  shown  to  possess 
ten  horny  shields  on  the  plastron  (or  lower  shell),  to  have  a  pelvis 
freely  suspended  from  the  carapace  (upper  shell),  and  a  series  of 
cervical  vertebrae  which  can  be  curved  in  an  S,  and  the  head 
thereby  drawn  into  the  shell  in  a  vertical  plane.  The  southern 
hemisphere  division  of  the  Pleurodira^  possesses  eleven  scuta  of 
the  plastron,  a  pelvis,  of  which  the  pubis  and  ischium  unite  by 
sutures  with  two  corresponding  elevations  of  the  plastron,  and  a 
neck  which  cannot  be  sigmoidally  flexed,  but  is  thrown  round  to 
one  side,  like  that  of  a  bird,  when  it  is  necessary  to  conceal  the 
head. 
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It  was  shown  that  in  the  Cretaceous  of  New  Jersey  there  exists 
a  family  (the  Adocidm)  which  combines  the  features  of  these 
groups.  It  has  eleven  scuta  of  the  plastron  (the  extra  one  being 
large  and  anterior),  but  the  lower  bones  of  the  pelvis  are  not 
co-ossified  with  the  plastron,  though  the  latter  rise  in  two  corre- 
sponding elevations.  The  latter  are  evidently  rudiments  of  the 
articulating  knobs  of  the  JPleurqdira. 

Professor  Cope  stated,  moreover,  that  the  AdocidcB  possess  a 
row  of  scuta  across  "  the  bridge,"  within  the  marginal  row,  such  as 
exists  in  modem  times  in  the  sea-turtle,  and  ^n  the  Mississippi 
snapper,  thus  adding  very  much  to  the  generalized  character  of  the 
Adocidce. 

Turning  to  the  tortoises  of  the  Eocene  beds  of  Fort  Bridger, 
Wyoming,  he  showed  that  these  are  true  Emydidce^  but  that 
many  of  them  retain  the  inter-marginal  series  of  scutes,  above- 
mentioned  {Baptemys^  &c.),  so  far  resembling  the  AdocidcB. 
Among  existing  typical  EmydidoB^  but  one  genus  presents  the 
character,  viz.,  the  Dermatemya  of  Mexico. 

The  value  of  these  generalized  groups  was  pointed  out  as  con- 
sisting in  their  correction  of  our  views  derived  from  the  great 
constancy  of  specific  characters.  These,  he  showed,  remained  un- 
altered throughout  great  extents  of  time  and  space,  and  various 
slight  stnictural  characters  endured  through  many  geologic  ages. 
Hence  the  value  of  cases  where  the  association  of  characters  is 
evidently  in  a  transitional  condition. 


III.  BOTANY. 


1.  Ihibquilatebal  Leaves.    By  W.  J.  Bbal,  of  Chicago,   Illi- 
nois. 

The  leaves  of  most  plants,  such  as  those  of  the  white  oak,  sugar- 
maple,  and  tulip-tree,  are  equilateral,  t.6.,  the  right  and  left  sides 
are  of  the  satne  size  and  match  each  other,  as  the  two  sides  of  the 
nose  and  chin,  or  the  right  hand  and  foot  match  the  left.  Some 
simple  leaves  and  many  leaflets  of  copipound  leaves  show  a  marked 
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want  of  symmetry  in  their  lobes.  The  Begonia  is  often  cited  as 
an  example.  The  hickory,  bean,  and  poison-ivy,  may  illustrate  the 
same  thing  in  compound  leaves.  In  Fig.  1,  "The  homologous 
parts  a,  b,  c,  d,  while  they  are  unlike  one  another,  are,  in  their 
main  proportions,  severally  like  the  parts  with  which  they  are 
paired.  And  here  let  us  not  overlook  a  characteristic  which  is  less 
conspicuous,  but  not  less  significant.  Each  of  the  lateral  wings  has 
winglets  that  are  larger  on  the  one  side  than  on  the  other ;  and  in 
each  case  the  two  sides  are  dissimilarly  conditioned.  Even  in  the 
several  components  of  each  wing  may  be  traced  a  like  divergence 


Fig.  1.    Compound  Leaf.    After  Spencef. 

from  symmetry,  along  with  a  like  inequality  in  the  relations  to  the 
rest;  the  proximal  half  of  each  leaflet  is  habitually  larger  than  the 
distal  half."  (Herbert  Spencer,  "  Principles  of  Biology,"  Fig.  65, 
p.  31.) 

A.  P.  De  Candolle  says,  "  This  inequality  generally  exists  only 
in  alternate  leaves,  and  I  cannot  find  in  my  memoranda  any  ex- 
ample of  an  inequilateral  opposite  leaf.  This  fact  tends  to  prove, 
that  this  inequality  ought  to  be  referred  to  the  position  of  the  leaf 
upon  the  plant  favoring  the  development  of  one  of*its  sides  more 
than  the  other ;  and  in  this  case,  it  is  always  the  lower  one  which 
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is  developed  most.  This  law  is  still  more  evident  in  the  leaflets  of 
pinnate  leaves :  .  .  .  the  side  most  developed  is  always  the  lower, 
the  upper  being  narrower  and  less  prolonged.  The  same  observar 
lion  may  be  made  npon  the  stipoles,  which  are  very  frequently 
irregular.  In  opposite  leaves,  there  has  been  presented  a  curious 
example  of  inequality  in  Ruellia  anisophyUa  ;  — one  of  two  oppo- 
site leaves  is  very  small  and  narrow,  and,  as  it  were,  abortive  in 
comparison  with  the  other ;  but  symmetry  is  also  met  with  in  this 
irregularity,  for,  on  comparing  the  successive  pairs,  the  small  leaf 
is  found  alternately  on  both  sides.  Stipules  [sometimes]  present 
analogous  phenomena.'^ 

Dr.  Wilder  has  shown  that  "  Elm  leaves  have  the  inner  or  upper 
side  much  larger,"  thus  upsetting  De  Candolle's  theory  that  the 
inequality  is  due  to  the  position  of  the  leaf  upon  the  stem.  Various 
other  reasons  have  been  assigned  for  this  inequality,  all  of  which 
seem  to  fail  when  applied  to  numerous  examples  in  their  various 
stages  of  development. 

Schleiden  believes  that  this  want  of  symmetry  is  due  to  unequal 
pressure  in  the  bud.  Spencer  seems  in  doubt^about  the  true  cause, 
for  he  says,*  "How  far  such  differences  are  due  to  the  positions  of 
the  parts  in  the  bud ;  how  far  the  respective  spaces  available  for 
the  parts  when  unfolded  affect  them ;  and  how  far  the  parts  are 
rendered  unlike  by  unliketesses  in  their  relations  to  light,  it  is 
difQcult  to  say.  Probably,  these  several  factors  operate  in  all  vari- 
eties of  proportion."  He  attributes  the  want  of  symmetry  in  the 
leaves  of  the  lime-tree  or  basswood  to  the  shading  of  the  smallest 
lobes.  That  this  cannot  be  the  case  is  proven  by  an  examination 
of  the  conduplicate  leaves  of  the  basswood  and  elm  while  in  the 
bud.  When  less  than  half  an  inch  in  length,  the  lobes  are  plainly 
unequal.  When  much  less  than  a  fourth  of  an  inch  long  they  are 
nearly  or  quite  ^equal  lobed.  Since  noticing  these  facts,  the  writer: 
was  pleased  to  find  the  same  views  recorded  by  Dr.  Wilder. 

On  the  basswood,  the  leaves  are  alternate  and  two  ranked,  hav- 
ing the  upper  lobe  fullest.  This  is  the  case  even  where  the  full 
lobe  is  shaded  or  where  the  whole  leaf  is  well  exposed  to  the  light. 
Spencer  gives  an  illustration  showing  the  arrangement  of  bass- 
wood  leaves,  exposing  nearly  all  their  upper  surface  to  the  light. 
If  he  should  turn  a  young  branch  over,  of  this  or  almost  any  other 
plant,  he  might  be  surprised  to  see  how  soon  the  leaves  would  turn 
back  again,  and  how  nicely  they  would  adapt  themselves  to  each 
other,  economizing  all  the  available  space.    The  leaves  of.  red  elm 
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and  the  American  elm  are  sessile,  broad  at  the  base,  two  ranked 
with  the  upper  lobe  fullest.  The  same  is  true  of  the  blue-beech, 
Carpinus  Americana^  though  the  lobes  are  often  eqtdlateral. 
Cdtis  occiderUalis  has  two-ranked  leaves  with  petioles  half  an  inch 


Fig.  2.  Alternate  two-ranked  leaves  of  Tilia  Americana,  Basswood,  ftillest  at 
the  base  on  the  inner  side. 

long.  The  upper  lobes  of  the  leaves  are  very  full  when  compared 
with  those  of  the  elm.  Begonia  leaves  are  two-ranked  witix  the 
upper  lobe  fullest,  no  matter  whether  they  are  nearly  sessile  or  on 
petioles  a  foot  in  length. 

The  witch-hazel  has  two-ranked  leaves  with  a  broad  base  on 
short  petioles  and  the  lower  lobe  much  the  ^ller.    The  oommon 


Fig.  8.    Alternate  two-ranked  leaves  of  Hamamelis  Vtrginiea,  Witch- 
Hazel,  fViIlest  at  the  base  on  the  lower  side. 

beech,  hazel,  mulberry,  and  grape,  have  two-ranked,  equal-lobed 
leaves. 

It  is  a  very  common  thing  to  see  a  want  of  symmetry  in  the 
lobes  of  leaflets  of  compound  leaves.    The  reader  will  remember 
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that  De  Candolle  says,  ^The  upper  edge  of  such    is  always 
smaHest." 

Of  this  character  we  find  the  black  ash,  the  hop-tree  {PteUa)^ 
bean,  hickory,  elder,  bladder-nut  {Staphylea)^  strawberry,  poison- 
ivy,  fragrant  sumach,  and  Jack-in-the-pulpit  {Ariscema)»  The 
ultimate  divisions  of  the  decompound  leaves  of  Hercules  club  are 
fullest  on  the  lower  side,  while  the  leaves  of  the  Kentucky  coffee- 


Fig.  4.    Two  leaflets  of  Fraxinus  tambud/olia,  Blacjc  Ash,  ftillest  on  the 
outer  lobes. 

tree  reverse  the  above  example.  The  leaflets  of  Ailanthus  are 
broad  at  the  base,  and  raised  on  very  short  pedicels.  The  upper 
edge  of  their  leaflets  is  much  the  fuller.  Leaflets  of  the  Southern 
prickly  ash  are  fuller  on  the  upper  side,  while  those  of  the  North- 
em  prickly  ash,  of  the  same  genus,  are  usually  fuller  on  the  lower 
side.  JRhus  toxicodendron  has  the  lower  edge  of  the  side  leaflets 
fuller ;  J^hits  copalina  has  the  upper  edge  ibller.    For  some  time, 


ilg.  5.    Two  leaflets  of  Aikmthus  glandvlosva,  fkillest  on  the  inner  side. 

I  thought  as  De  CandoUe  wrote  (though  I  had  not  then  read  his 
book  on  the  subject)  that  the  unequal-lobed  leaves  were  all  alter- 
nate ;  and,  further,  I  thought  they  were  all  two  ranked  along  the 
stem,  and  thus  set  off  against  each  other,  as  leaflets  in  a  compound 
leaf.  I  T^as  not  much  surprised,  however,  though  much  inter- 
ested, to  find  that  the  opposite  leaves  of  Comua  Florida  were 
fuller  on  the  lower  edge,  as  they  were  all  turned  horizontally 
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on  the  side  branches.  On  the  4th  of  July,  the  two  terminal 
leaves  were  about  half  grown  and  generally  equal  lobed  at  the 
base,  though  not  always  so.  I  find  the  opposite  leaves  of  several 
of  our  Euphorbias,  as  noticed  in  Gray's  man- 
ual, are  fuller  at  the  lower  edge  ss  they  are 
turned  down  horizontally.  In  a  somewhat 
similar  manner  are  the  two  parts  of  the  in- 
volucre of  Carpinua  Americana.  These 
stand  with  the  fuller  edge  away  from  the 
axis.  The  two  edges  of  each  are  unequally 
serrate,  more  serrate  on  one  edge  than  on  the 
other ;  so  the  involucral  leaves  match  as  well 
as  the  corresponding  fingers  on  our  two  hands. 
In  the  greenhouse  of  the  Michigan  State  Agri- 
cultural College,  is  a  plant  unknown  to  me,  presented  by  Dr.  Gray. 
The  leaves  are  on  petioles  three-fourths  of  an  inch  in  length ;  they 
are  probably  three  ranked  (certainly  not  two  rauked).  As  the 
leaves  droop,  the  upper  lobe  is  much  Mlest,  and  the  midrib  con- 
siderably curved,  as  in  Begonia. 


Fig.  6.    Two  opposite 
leaves  of  Euphorbia 
maculaia,  fullest  on« 
the  lower  side. 


Fig.  7.    Involucre  of  Carpinus  Americana,  Blud  Beech,  the  upper  or 
inner  lobe  narrower  which  grew  next  the  axis. 

So  we  have  unequal  lobed  leaves  on  stems  where  they  are  two, 
three,  or  four  ranked.  The  common  sheep  sorrel  often  has  one 
lobe  longer  and  larger  at  the  base,  but  I  am  unable  to  find  any 
rule  with  regard  to  this  fact. 

The  four  oVlock  of  our  gardens,  MirabiliSy  has  opposite  leaves, 
and,  when  of  proper  size,  terminates  each  axis  with  a  flower. 
The  axillary  bud  on  each  side  develops  into  a  branch  terminating 
in  the  same  manner  by  a  flower.  Thus  we  have  four  leaves  in  two 
pairs  closely  sitting  about  a  flower.  As  thus  arranged  spreading 
each  way  they  are  all  fuller  at  the  base  on  the  side  next  the  flower, 
where  there  is  least  light  and  least  room.  This  is  contrary  to 
what  we  should  expect  according  to  De  Candolle  and  Spencer. 
An  examination  of  the  plant  for  a  moment  will  make  it  clear. 
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Every  botanist  is  familiar  with  the  unsymmetrical  petals  on  the 
sides  of  the  pea  flower,  violet,  lobes  of  mint  blossom,  and  those  of 
other  plants. 

The  strangest  thing  under  toant  of  symmetry  that  I  have  seen  in 
plants  is  found  in  the  cotyledons  of  our  cultivated  buckwheat. 
While  in  the  seed,  they  are  pressed  together  and  rolled  up  from 
one  edge.  When  the  cotyledons  have  acquired  their  full  growth 
they  have  petioles  about  half  an  inch  long;  each  cotyledon  is  fullest 
on  its  left  side,  so  they  would  not  match  each  other  without  turning 
one  of  them  over.  Perhaps  this  is  a  puzzle  analogous  to  homolo- 
gizing  the  hand  and  foot  on  the  same  side  of  the  body.  All  our 
theories  so  far,  read  or  imagined,  such  as  influence  of  heat,  light, 
gravitation,  number  of  ranks  on  the  stem,  length  of  petiole,  press- 
ure, natural  selection,  do  not  satisfactorily  explain  all  these  pecu- 
liarities. 


Fig.  8.    Cotjledons  of  Fagopyrum  eseultntum,  Buckwheat,  each  AiUest 
on  right  lobe. 

So  far  we  agree  with  Dr.  Wilder,  "That  such  peculiarities 
are  true  and  original  characteristics  of  the  plants,  and  that  they 
are  produced  by  the  so-called  vital  force  acting  in  a  definite 
way.** 
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2.  The   Fresh- Wateb   Alg^    as    the    Spa  wits    of   Mosses. 
By  Theodore  C.  Hilqabd,  of  St.  Louis,  Missouri. 

CMoroapermecB, 

About  fifteen  years  ago,  Professor  W.  H.  Harvey,  Author  of 
"The  Nereis  Boreali-Americana ''  (Smith.  Contr.  EnowL,  vol.  x., 
p.  8),  discoursed  in  the  following  manner  on  the  contemporaneous 
state  of  our  knowledge,  of  the  then  perplexed  question  of  the 
nature  of  Chlorospermeee,  or  so-called  Fresh- Water  Algie:  — 

"Much  still  remains  to  be  done  in  tracing  the  deyelopment  of  these 
AlgsB,  more  especially  in  studying  the  transformations  which  many  of  them 
undergo.  Very  many  have  two  or  three  different  modes  of  reproducing  the 
species,  as  by  self-division,  by  zoospores,  or  gemmse,  and  by  properly  fertil- 
ized spores ;  and  the  individuals  resulting  from  these  various  modes  of 
growth  are  not  always  similar.  Thus  there  is  in  many  an  *  alternation  of 
generations,^  to  be  studied,  such  as  has  been  noticed  among  lower  animals ; 
and,  probably,  when  the  subject  has  been  properly  worked  out,  a  large 
number,  not  only  of  species,  but  of  genera,  especially  among  the  fresh- 
water kinds,  must  be  erased  from  our  lists.  It  now  appears  probable  to 
Fringsheim  that  many  of  the  minute  unicellular  Algss  of  Braun  are  the  male 
organs  or  androspores  of  other  Algae.  I  think  it  can  hardly  be'questioned  that 
multitudes  of  the  Palmelloid  forms  are  either  spores  or  imperfectly  devel- 
oped fronds ;  and  the  same  is  probable  of  many  Confervoids.  As  yet  the 
subject,  except  in  a  few  able  hands,  has  been  confused  rather  than  rendered 
more  clear  by  the  labor  bestowed  by  authors  upon  it.  There  has  been  too 
great  an  anxiety  to  establish  new  genera  and  species,  without  due  regard 
being  had  to  circumstances  of  growth  and  development ;  and  the  unfortu- 
nate student  who  now  attempts  to  study  the  fresh-water  Algae  is  oppressed 
by  an  accumulating  mass  of  bad  species  and  genera,  which  all  have  to  be  in 
some  degree  mastered  before  he  can  make  clean  work.  Add  to  this*  that 
in  the  present  state  of  our  knowledge  it  is  absolutely  necessary,  in  most 
instances,  to  have  the  living  plant  at  hand,  and  it  will  be  understood  what 
a  difficult  task  it  must  be  to  give  a  good  account  of  the  Chlorospermatous 
series  of  the  Algae." 

Thus  far  Professor  Harvey. 

About  fifteen  years  ago,  I  accidentally  turned  my  attention  to 
some  protococcoid  vegetations  before  then  unknown  to  me ;  the 
continued  developmental  observation  of  which,  however,  insensibly 
and  unexpectedly  led  me  into  the  discovery  of  the  great  circuit 
of  generations  of  all  the  tribes,  and  most  of  the  component  {titulcHr) 
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genera  of  so-called  "fresh-water  algsa;"  exclusive  however,  of 
BatrachospermesB  (the  full  development  of  which  is  not  known  to 
me),  and  of  Characeae,  whose  known  germination  and  ^'  disporous  " 
organization  have  already  secured  them  a  partial  acknowledgment 
as  allies  of  the  "disporous  Ferns.'* 

As  for  the  Batrachospermeae,  they  evidently  closely  connect  with 
certain  filiformly  dissected '' hepatic  Mosses,"  such  as,  e.^.,  Trichoco- 
lea  (Jungermannia).  They  thus  probably  fill  the  position  between 
these  and  such  true  Fucace»  or  genuine  cUgcB^  as,  e.^.,  Wrangelia 
(Harvey's  Nereis,  tab.  xxxiv.  B.) 

As  early  as  July  1st,  1861,  I  communicated  to  the  St.  Louis 
Academy  of  Sciences  the  results  of  my  investigations  (not  then 
published  for  want  of  funds  for  plates)  in  a  detailed  manner,  the 
gist  of  which  I  expressed  in  the  " minutes **  as  follows;  viz.,  "that 
the  observed  forms  of  such  desultory  brooding-phases  (leproics, 
osciUarious^  desmididceo^on/ervaceoics^  nostochine^  protococcous^ 
hydrodictyine)^  all  concur  in  forming  one  and  the  same  circuit  of 
generations  of  the  thallus  of  Bryacbje, — mostly  Bryum  argenteum 
and  Funaria  hygrometrica,  Syrrhopodon,  Hypnum,  &c. 

^^Protophyta  "  and  ^^ProtozoaP 

At  a  previous  meeting  of  this  Association,  at  Chicago,  August, 
1868, 1  have  exhibited  the  same  canvas  drawings  which  you  now 
see  in  our  Microscopist's  section.  They  show  in  detail  the  actual 
and  connected  conditional  modes  of  development  of  aUthe  types  of 
so-caUed  ^ protophyta^^  ^^protozoa^^  "  infusoriaj'^  ^^fefnnents^  and 
^freshrwat&r  algm^ — such  as  directly  ascertained  by  myself,  by 
experimental  microscopic  investigation  during  the  last  fifteen  years. 

The  phases  and  processes  of  growth  of  the  true  "yeas^,"  anrf 
cadaverous  corruptive  proper,  I  have  described  and  figured  in  our 
last  year's  "Proceedings."  The  parts  played  by  the  bryaceous 
broods,  as  the  sixty-four  titular  "genera"  of  "Fresh- Water  Algae," 
form  the  subject  of  the  present  paper.  As  for  the  truly  animal 
forms  here  implicated,  they  all  belong  to  types  so  "  highly  organ- 
ized "  in  their  adult  condition,  that  any  doubt  as  to  their  nature  or 
afiinity  is  absolutely  out  of  question.  Besides  such  minute  scutel- 
late  or  "  crustacean "  forms,  as,  e.^.,  Cyclops,  Monoculus,  Noteus, 
Trichoda,  &c.  (leaving  aside  the  polypous  Hydra  and  its  yet-to-be- 
explored  hibernation,  &c.*)  the  (terebeUoid)  well-known  Kotifer,  as 

*  I  find  it  necessary  to  emphasize  this  with  particular  reference  to  such  un- 
explored forms  as  the  ("  profound")  Bathyhius,  "Pdobius,"  &c. 
A.  A.  A.  8.  VOL.  XX.  45 
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well  as  Brachionnsy  are  all  provided  with  a  complete  set  of  animal 
visceraj  which  it  is  impossible  to  confound  with  any  vegetable  forma- 
tion, at  least  of  cryptogamous  plants.  The  great  (and  hitherto  un- 
explored) bulk  of  so-called  Infusoria  —  exclusive  of  the  so-called 
"flagellate  Infusoria"  or  fresh-water  moss-spaums  —  are  all  sub- 
sumed in  the  enormously  diversified  germinal  cell-mulHplicatums — 
or  so-called  circuit  of  generations  —  of  the  "  Vorticello-tlanarian  " 
tribe  of  microscopic  Jlvke-worms,  As  such  they  likewise  partake 
of  the  typically  ra(/ta<e-8<ratt/Ee(^  visceral  organization  of  all  animals, 
no  less  than  of  the  entire  Flowering  Kingdom  I  It  is  only  in  a 
late  embryonic  stage,  that  these  radiately  disposed  viscera  become 
enfolded  within  the  (jDoc^like)  longitudinal  furrows  of  the  over- 
lapping "  animal  leaves  "  of  embryology ;  viz.,  the  "  hemal "  and 
"  neural "  visceral  cavities  respectively. 

The  Planarian  Germs. 

The  "  vortioello-planarian  "  circuit  of  generations  (as  first  ver- 
bally communicated  by  me  to  the  Chicago  Meeting,  and  subse- 
queiltly  published  in  the  August  Nos.,  7  and  8,  1871,  of  the 
American  Journal  of  Arts  and  Sciences)  chiefly  compiises  these 
leading  forms  of  germinal,  molecular,  or  vitelline  life-phases ;  viz^ 
the  "germinal  clouds"  of  fertile  (vorticellan,  paramecian,  Ac.) 
self-dissolution;  the  so-called  "amoeba "or  pseudopodial  tumbling- 
*sacs;  the  "vibrio  termo"  or  seminal  cartridges;  the  " vorticeUae," 
their  buds  and  pellets,  their  "oxytricha"  development;  the  oxy- 
tricha  pellets  or  "  zodglcea  "  (Cohn  ;  nee  Klob)  ;  the  ^-shaped  indi- 
vidual molecules  —  the  future  "  colpoda  "-grubs — thence  escaping ; 
the  accompanying  currant-shaped  vesicles  developing  into  the 
"scabbarded"  oxytricha-young,  afterwards  moulted  as  "oxytricha" 
proper ;  the  oyster-shaped  or  book-like  "  porte-monnaie  "  grub ;  its 
encystment  into  a  "  gregarina  "-couple  of  young  "  paramecium ; " 
and  the  adult  form  of  the  latter,  properly  classed  as  a  fresh-water 
Planaria.  The  visceral  (or  assimilative  and  secretive)  organization 
of  the  latter  can  nowise  be  misconstrued  into  the  well-known 
adult  forms  of  either  the  yeast  (or  common  mould) ;  or  any  other 
2Axii!Lt plant  or  "fungus"  whatsoever! 

After  the  contradistinctive  exclusion  of  these  animal  Planarian 
germs  on  the  one  hand,  and  the  fermentic  developments  on  the 
other,  I  can  now  proceed  to  give  a  short  written  synopsis  of  the 
remainder —  viz.,  the  various  pseudo-g&m&tVL  of  firesh-water  algae  — 
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likewise ;  thus  exhausting  the  entire  domain  of  '^  questionable " 
fresh-water  genn-life. 

The ''Clay-Bloom.'' 

A  name  is  still  wanting  for  the  first  appearance  of  these  ^  chloro- 
spermons "  moss-spawns,  in  the  shape  of  a  chalk-white  fomUoy  or 
snowy-looking  "powdering,"  efflorescent  from 'all  clayey  and  fertile 
soils,  after  the  first  frosts  and  thaws  in  winter ;  but  most  luxuriant 
in  early  spring,  and  otherwise  appearing  throughout  the  year. 

In  former  treatises  and  communications,  I  have  called  it  "  clay- 
bloom."  The  same,  as  heretofore  indicated  in  various  printed 
communications  on  this  subject,"*  is  also  formed  on  any  parcel  of 
soil  protected  from  abrasion,  and  in  a  tolerably  damp  atmosphere ; 
as  on  all  crumbs  of  fiower-pots,  when  moistened  only  from  under- 
neath ;  blooming  forth  (as  the  forerunner  of  all  the  ''  chlorosper- 
mous  "  and  biyoid  subsequent  developments,  in  loco)  on  the  outside 
of  the  flower-pot  itself  from  the  moisture  which  percolates  through 
the  crockery,  in  very  white,  cloud-like,  mealy  efflorescences  as  of  a 
gum,  or  of  grape-sugar.t 

The  spot  now  begins,  from  underneath  upward,  to  breed  into  a 
more  luxuriant,  thickening  "  chalky  "  or  "  sugared  "  surface  coat- 
ing, and  downward  into  a  homogeneous,  glass-green,  coherent 
gelatinous  cuticle  of  uniform  cells,  and  now  might  be  classed  — 
as  the  fashion  is  —  as  some  "  ulva" 

When  wetted,  under  the  microscope,  this  very  subtle,  white 
substance,  of  particles  about  ^^i^^  of  a  line  in  bulk,  begins  to  absorb 
moisture.  The  now  quite  colorless  particles  very  rapidly  assume  the 
well-known  "  saltatory  "  or  vihratile  motion  as  seen  in  all  germinal 
matter  (variously  called  monads,  zoospores,  &c.),  being  much  like 
what  I  have  proposed  to  call  mbrioi  (as  a  technical  genus  grammaii- 
cumy  only)  in  fast  year's  communication  on  the  fermentive  agent. 
In  this  case  they  are  frequently  rather  larger  than  the  average  size, 
e.g,y  of  the  intracellular,  "  rotating  protoplasm "  vibrios  which  are 
seen  travelling  along,  inside  of  large  fungous  fibres ;  or  that  com- 
pose the  travelling  (red-tailed?)  nucleolar  molecules  of  "Clos- 
terium,"  so-called. 

^  Amer.  Journ.  Sd.,  No.  7,  July,  1871,  p.  22,  foot-note. 

t  Associated  as  this  first  germinal,  bryaceons  gum  of  the  toil  is;  with  its 
amorphous  (partly  "Navicala"- shaped)  siiica-educts  and  assimilated  silica 
proper,  it  might  perhaps  deserve  a  due  consideration  as  the  p6iXXtov — "  found  in 
this  (our)  soil"  —  associated  with  the  "dw^"  in  the  Koachite' genesis  like- 
wise. 
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The  CJdamydococcus. 

When  washed  into  gutters,  pools,  Ac,  they  rapidly  enlarge  and 
mostly  assume  the  form  of  "  chlamydococcus," — a  green  oval- 
coated  cell  from  ihjVtf^^  ^^  ttsjs^^  ^^^®  ^^  bulk,  tending  or  roving 
spontaneously  toward  the  light  by  a  single  apical  Jlagellum  or  vi- 
bratile  lash,  arising  from  a  clear  point  of  substance.  This  belongs 
to  the  common  silver-moss  —  Bryum  argenteum  —  in  most  cases  of 
clayey  pools ;  whereas  in  manured  or  ashy  ones  the  "  protococcus" 
of  another  frequent  form,  that  of  Funaria  hygrometricOj  prevails. 
It  is  here  evident  that  the  fittest  wins  the  day  over  the  less  com- 
petent species.  The  first  coatless  cell-bodies  of  the  latter  moss 
(which  also  produces  the  so-called  " haematococcus,"  or  "blood 
alga  "  on  slippery,  manured  spots)  are  rather  smaller,  naked,  very 
globular,  with  a  delicately  aciculated  surface.  They  are  most 
probably  covered  with  the  nnnnte  JlageUi  of  their  own  constituent 
particles  of  naked  endochrome,  and  therefore  revolve  in  every  sense 
equally.  At  first,  they  closely  resemble  the  macerated  blood  (or 
pus)  corpuscles,  or  the  "  colostrum  bodies."  They  never  attain  the 
size  of  the  (coated)  "  chlamydococcus ; "  their  subsequent  "  eu 
glena ''  (or  peristaltic-sarcode  form)  has  a  more  pointed  rear  end, 
is  apt  to  contract  its  middle  into  a  wheel-and-axle  shape,  becomes 
**  still "  (or  "  encysted  "  )  wiihout  a  membrane,  and  on  dissolution 
its  constituent  endochrome  beadlets  form  a  broader  "oscillaria" 
than  in  the  case  of  the  silver-moss.  In  other  cases,  as,  e,g,^  in  the 
bilge-water  of  wooden  wharf-boats,  the  corresponding  forms  of  a 
certain  species  of  Hypnum  take  exclusive  possession  of  the  prem- 
ises. 

The  sequel  of  this  representation  will  be  mostly  confined  to  the 
developments  of  the  common  silver-moss,  as  the  dominant  and 
most  massive  form  in  all  the  clayey  formations  of  tile  great  Mis- 
sissippi Valley. 

HcBtnatococcus. 

When  left  undisturbed  on  land,  the  "  clay-bloom  "  first  turns  up 
in  granular  lumps  resembling  half-toasted  "  corn-meal^  but  of  a 
gummy  or  semi-gelatinous  consistency.  The  next  step  of  this 
terraqueous  life-{^ent — of  a  bryaceous  nature  —  is,  to  turn  into  an 
ulvaceous,  uniform  cell-layer,  crested  with  the  constantly  increasing 
white  foviUoj  by  the  spontaneous  maceration  of  its  daughter-ceUs 
into  colorless  molecules. 
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In  the  form  belonging  to  the  silver-moss,  this  pale-green,  scanty 
"  ulva"  does  not  now  change  color.  In  the  case  of  Funaria  hygro- 
metrica  (the  sessile  and  star-like  tufted,  broad-leaved  moss),  the 
tdva  is  apt  to  become  very  luxuriant,  and  its  daughter-cell^  sud- 
dehly  turn  of  a  deep  crimson  hue.  It  is  now  called  a  "  haemato- 
coccus,'*  as  a  special  {pseudo-)  genus.  Its  component  secondary  or 
daughter-cells  resemble  actual  blood-corpuscles  both  as  to  size  and 
color  (apart  from  their  globular  shape),  and  their  punctiform  con- 
tents are  apt  to  burst  forth  as  fresh  capping  crests  of  clay-bloom ; 
or,  suddenly  acquiring  a  very  dark-green  lustre,  its  augmented 
molecules,  vibrating  and  jerking  at  the  touch  of  rain  or  water, 
immediately  lengthen  out  —  in  even  calibre  —  into  the  straight, 
wiry  fibrils  (resembling  so  many  microscopic  knitting-needles)  that 
compose  the  blackish  lubricity  on  land  and  water  known  as  the 
(pseudch)  "genus  Oscillaria," 

The  same  occurs  with  the  "ulva"  of  all  other  mosses. 

Oscillaria, 

The  wiry  "oscillaria  **  fibril  consists  of  a  thickish  cylindrical  con- 
fine, inclosing  nummiformly  dissected  contents.  On  land  they  lie 
immovable,  and  grow  apace  in  snake-like,  viscid  fascicles  (called 
"  oscillaria  chthonoblastes "  )  ;  while  each  fibre,  separating  from 
the  rest  by  contact  with  and  in  water,  assumes  a  well-known  longi- 
tudinal spontaneous  locomotion.  Under  the  microscope  its  fascicles, 
when  wetted,  are  apt  to  spread  apart  as  if  electrified,  curving 
round.  Not  unfrequently  a  single  fibre  makes  a  shijt  among  its 
parallel  companions,  and  then  exhibits  that  whirring  motion  from 
which  its  name  was  derived.  On  land,  it  now  covers  the  ulvaceous 
spot,  which  then  has  turned  of  a  blackish,  verdigris  lustre.  Under 
its  protection  the  underlying  ulva  cells,  largely  increasing  in  size, 
acquire  a  very  thick  hyaline  "  albumen  "  zone,  —  like  that  of  an 
egg,  —  and  a  thin  membrane  (pseudo-  "genus Gloeocapsa");  when 
the  latter  lengthens  into  long,  band-like,  lumbricoid  sheaths,  and 
its  endochrome  correspondingly  lengthens  out  into  "oscillaria" 
fibrils,  it  now  "  takes  the  name  "  —  or  assumes  the  characters  of — 
{pseuda-)  "genus  Microcoleus." 

Glceocapsa. 

The  centre  of  the  glceocapsa  cell  turns  of  a  very  lively  green,  and 
otherwise  now  resembles  a  compact  yolk ;  whence  by  segmentation 
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glaiiy-coated  daughter-cells,  about  ^^^th  line  in  bulk,  are  then 
produced.  The  confining  general  membrane  now  casts  a  finely 
tapering,  meandering,  and  ramified  root,  aU  of  one  single  piece,  with 
fibrils  about  ^^lyth  line  in  thickness ;  while  the  daughter-cells,  by 
cross-septation  now  elongating  upwards,  rise  as  a  rooted  tuft  or 
pencil  of  jointed  hair,  and  are  now  ^  classed "  as  a  pseudo-genxiR 
^  Rhizoclonium.''  In  these  and  all  similar  processes  the  jelly  and 
confining  membrane  spontaneously  dissolve  into  a  solution  of 
glutinous  substance,  which  is  perfectly  transparent,  and  often  in  the 
clearest  pond-water  gives  abundant  occasion  for  the  most  per- 
nicious, gangrenous  putrefaction  of  such  abodes.  Under  the. 
influence  of  the  common  yeast  or  corruptive  fungus  (in  its  adult 
stage  sufficiently  identified  as  pseudo-genus  "•  Mucor "  ),  all  shore- 
deposits  of  *'  confervaceaB,"  no  less  than  all  waters  wherein  con- 
fervaceous  life  undergoes  a  retrograde  development,  evolve  a  vast 
amount  of  putrid  gases,  which,  however,  in  a  dilute  condition, 
become  perceptible  merely  as  **flattish  air." 

Rhizochnium. 

As  these  tuftlets  of  the  jointed  rhizoclonium  first  arise  in  the 
shape  of  a  wart  or  ^  framboesia,"  a  molecular-dotted  mass  remains 
in  the  centre,  which,  as  the  fascicle  arises,  is  upborne  on  a  stouter 
central  stalk.  As  in  the  parallel  case  of  stored  conferva-pellets, 
this  glutinous  gertninal  speck  directly  organizes  into  a  perfect  moss-lmd^ 
composed  of  bright-green  conjugate  ( ''  cosmarioid  "  )  cells.  As  in 
other  cases,  the  endochrome  of  these  first  cells  is  discharged  into  a 
reticular  system  of  coherent  cells,  surrounding  them,  as  at  the  base 
of  other  developing  moss-leaves,  and  the  same  remains  visible  in 
the  adult  condition  in  the  group  of  "^  peat-mosses,"  or  Sphagnum. 

The  Moss-Buds. 

The  hryaceous  hud  or  true  (leaved)  moss  forms  the  last  joint  of  the 
central  fUe.  Its  base  consists  of  a  brown,  rootless  intemode — not  a 
true  root,  —  which  at  the  touch  of  water  at  once  is  thrown  off  by 
the  elastic  swelling  of  the  underlying  and  all  other  cells ;  these,  at 
that  state  of  maturity  readily  seceding  or  crumbling  apart  fix>m 
one  another,  at  once  start  on  an  independent  confervaceous  or 
"  prothalline  "  development,  exactly  in  the  well-known  manner  of 
both  true  "  moss-«porc<,"  and  all  the  well-known  crumbling,  "  pro- 
liferous cells"  of  moss-leaves,  buds,  stems,  and  their  radical  and 
caudal  hairs  in  general.    Each  desultory  cell  now  of  course  con- 
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stitntes  what  was  clasi^ed  as  a  (pseudo-)  genus  '<  Protococcus,"  that 
is  to  say,  ^^any  green  brood-ceU  whatever j  capable  of  individaal  devel- 
opment " !  It  has  been  known,  however,  for  several  decennia,  that 
both  the  chlorophyl  stratum  of  lichens,  and  all  chlorophylliferous 
ofgans  of  mosses,  are  apt  to  multiply  by  such  detached  *'  brood- 
cells"  of  their  own  kind,  developing  into  their  own  especial 
kindred. 

The  ^cQudex^  conn,  or  intemode  of  the  moss-bud  thus  originated, 
now  readily  casts  out  its  broad  and  blunt,  pinkish  and  band-like, 
flattened  roots  (about  T^^yth  line  in  diameter),  sideunse  into  the  sur- 
rounding ground ;  not  as  a  ^  tap  "-root,  as  the  original  rhizoclonium 
'  (or  glcBocapsa)  mother-cell  had  it. 

The  further  development  of  the  last,  adult,  or  bryoid  develop- 
ment phase  of  mosses  is  sufficiently  known  as  that  of  "Mosses." 

It  is  here  that  a  radial  organization  Jirst  commences.  A  definite 
axis  and  radiating  organs  are  formed.  A  stem  and  leaf-bnd  are 
the  results.  A  (so-called)  "sexnal"  fructification  here  finally 
ensues.  "  Antheridia"  are  formed,  which  discharge  a  semen  com- 
posed of  spermoid-flagellate  molecules  (as  in  the  entire  Organic 
Kingdoms),  which  here  alight  upon  a  pervious  stigmatic  pro- 
longation* of  a  follicle,  just  as  in  the  ♦*  fructification  "  of  flowering 
plants.  This  follicle  is  originally  sessile ;  but  by  dint  of  the  vio- 
lent elongation  of  a  stipe,  resembling  a  seed-chord,  the  foUicle  is 
ruptured,  and  thus  borne  aloft  it  is  called  a  "  calyptra." 

The  pyriform  or  cylindric  theca  which  terminates  the  stipe  has 
a  lid,  or  "  opercle,"  in  exact  likeness  of  the  lid  upon  the  true  seed 
of  6netacesB.t  It  otherwise  consists  of  a  double  coat  (forming  a 
double  "  peristome  "),  like  all  true  seeds ;  but,  instead  of  containing 
an  embryo  formed  of  connected  cells,  it  is  replete  with  disconnected 
cells,  vastly  resembling  the  pollen  of  higher  plants. 

The  Moss-Spore. 

This  apparent  pollen,  or  so-called  "true  "  moss-spores,  as  is  now 
well  known,  when  alighting  on  a  suitable  soil,  directly  lengthen 
out  into  terraneous  "  confervaceous "  prothallia,  bj/  way  of  true 

*  Such,  it  is  well  known,  is  likewise  the  case  with  the  Lemnacese  or  diy:k-meat6. 
A  true  perrioas  stigma — as  I  have  specified  in  a  separate  paper  —  also  obtains 
in  all  the  Gnetacese,  Cycads,  and  Coniferae. 

t  See  figures  of  Hooker's  Welwitschia,  &c.,  and  "  The  Organic  Identity  of 
the  Albumen  and  Endopleura  of  Seeds/'  in  this  rolume. 
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germination.  This  terraneous  "  Conferva,"  "  Vancheria,"  Ac 
Auct,  consists  either  of  apparently  unseptated,  ramified,  and  gib- 
bose  tubuli  (resembling  blown  glass),  which  are  thus  claimed  as 
"Vaucheria;"  or  their  tumid-jointed,  thick-coated,  and  septated, 
ramified  fibres  (classed  as  "  Conferva,"  "  Cladophora,"  &c^  —  aSid 
resembling  the  valvate-jointed  texture  of  the  lymph-vessels  of  ani- 
mal fabrics)  now  form  the  first  bulb-like  or  conical  leaf  or  **  radial 
elementj''  at  the  apex ;  by  enlargement  and  increased  septation of 
the  terminal  joint  or  cell  of  the  fibre. 

Professor  W.  P.  Schimper's  excellent  "  Recherches  sur  les 
Mousses  "  (Strasburg,  1848)  contain  a  vast  amount  of  direct  ex- 
perimental observations  on  this  point,  as  likewise  on  the  condi- 
tional aquatic  or  paludal  developments  of  true  moss-spores  directly 
into  the  aquatic  "  ConfervacesB." 

These  observations  of  Professor  W.  P.  Schimper  (a  brother  of 
Carl  Schimper,  the  first  discoverer  of  the  laws  of  phyUotaxy)  were 
also  repeated  and  amplified  by  my  esteemed  friend,  Dr.  Siegmond 
Reyssek,  at  Vienna,  Austria.  From  him  I  learned  (in  1851),  that 
"  according  to  his  own  experiments,  the  true  moss-spores,  when 
introduced  into  pond-water,  directly  and  substantially  elongating, 
produce  interminable  repetitions  of  pullulations  in  the  shape  of  true 
'  ConfervacesB,'  so-called." 

The  WaterSemp  PeOeU 

Anterior  to  my  communications  to  the  St.  Louis  Acad.  Sci.,  July  1, 
1861,1  had  found  occasion  to  investigate — and  thus  estaUisk — the 
return  of  conferva,  or  the  so-called  common  water-hemp  {pseudo- 
genus  "Cladophora")  into  its  adult  or  bryaceous  phases,  in  the  fol- 
lowing fashion.  At  certain  seasons,  in  high  summer,  the  water-hemp, 
while  rearward  dissolving,  utJU^  and  liberating  countless  infinitesi- 
mal endochrome-molecules,  on  its  progressive  embranchments  pro- 
duces, out  of  its  own  superficial  and  internal  asperities,  first  a 
cluster  of  gelatinous  pellets,  borne  on  very  minute,  scraggy,  and 
ramified  hair,  directly  protruded  from  within.  The  minute  pellets, 
gradually  assuming  a  bright  vermilion  color  as  they  increase  in 
size,  are  now  seen  substantially  coating  say  every  fifth  or  sixth  joint 
as  with*  a  scarlet  raspberry,  somewhat  in  the  fashion  of  craw-fish 
roe.  When  the  water-hemp  is  drifted  upon  the  beach,  by  subsi- 
dence, <fec.9  the  vermilion  pellets,  now  changing  color  and  enlarging 
a  good  deal,  swell  into  large  cells  with  pallid  verdigris  contents. 
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The  latter  appear  semi-gelatinous,  and  serially  punctuated  with 
molecules  imbedded  in  an  apparently  amorphous  slime;  which 
would  thus  bring  this  phase  under  head  of  a  "  Nostoc  globulare." 
Auct,  As  it  amplifies,  some  of  its  seriated  molecular  strings,  ac- 
quiring a  cell-wall,  are  seen  sprouting  forth  in  the  fashion  of  a 
crimped  rhizoclonium  or  moss-velvet ;  as  a  convolute  enveloping 
the  gelatinous  ball,  or  yolk^  so  to  speak.  The  hair  thus  formed 
would  claim  the  appellative  of  '^  CEdogonium  "  (as  it  subsequently 
takes  its  aquatic  development) ;  while  on  the  mire  it  might  serve  as 
a  "Rhizoclonium,''  but  for  being  rootless.  In  the  underlying 
masses,  the  enlarged  yolks  are  protected  from  exsiccation  by  the 
darkly  olivaceous,  glutinous  slime  —  or  "Nostoc"  —  caused  by  the 
copious  diffluence  and  rapid  "  nostochine  "  growth  of  difflitent  yolks 
exposed  to  the  air ;  while  underneath,  in  a  protected  condition,  a 
circular  area  (in  exact  likeness  of  the  "germinal  speck"  of  animal 
yolks)  ia  formed  on  the  apex  of  each  pellet^  and  by  self-segmenta- 
tion/brm«  into  the  first  leaf -cells  of  the  true  moss-bud — much  like 
the  germ-cells  of  the  animal  embryo,  and  altogether  in  the  maqner 
of  the  rAwoc/aniMm-pellets. 

The  MosS'Embryo. 

At  first  the  embryonic  area  divides  by  fission,  by  twos,  fours,  &c. 
The  beads  are  coatless, — no  cells;  but  protoplasm  bodies.  The 
cells  are  first  formed  in  a  heap  without  a  staUc  or  rooty  and  with- 
out a  confining  membrane.  At  this  period  —  e.^.,  of  quaternary 
division  —  the  slightest  touch  of  water  causes  these  copular  bodies 
to. separate  in  the  form  of  a  true  (bicordate)  cosmarium  —  to  avail 
myself  of  the  idiom  of  the  system  at  present  in  use.  At  a. later 
period,  they  no  longer  separate.  As  the  interatitial  retiform  or 
secondary  cells  are  formed,  the  first  (bulb-like)  leaf  is  built  up.  It 
is  only  afterwards,  when  several  leaf-rudiments  are  preformed,  that 
a  stubble-shaped,  basal  intemode  —  or  corm  —  becomes  manifest. 
The  bud  is  completely  organized,  before  the  pinkish  side-roots 
break  forth  from  the  turmaline-colored  corm  or  podetium.  The 
plant  here  formed  is  at  first  both  stem-  and  root-less,  and  altogether 
in  an  embryonic  condition.  The  more  weakly  stems  or  branches 
form  (as  usual  with  the  dimorphous  mosses,  such  as  the  eommon 
silver-moss)  only  the  "cucullate"  variety  of  leaves,  while  the 
stouter  ones  or  central  axes  bear  leaf-buds  which  are  pointed  like 
a  hair-penciL    No  doubt  the  aquatic  development  of  the  verdigris 
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or  vermilion  pellets  is  into  the  bicordate  "Cosmarium'*  and  its 
various  progenies. 

Land  -  Osciliaria. 

When,  on  land,  the  dark-green  ulva  (or  red  lusmaio  coccus)  is 
touched  or  battered  by  rain,  the  daughter-cells  of  the  same  can  be 
seen  jerking  about  (like  so  many  microscopic  fleas,  trying  to  shift) ; 
and  when  finally  settled,  they  at  once  start,  in  loco^  on  a  quick 
development  into  bulky  oscillaria  ("  Chthonoblastes  ")  fibres;  form- 
ing the  well-known  blackish-verdigris  lubricity  of  such  places. 

The  same  is  found  floating  on  top  of  heated  pools,  or  seen  up- 
heaved in  sluggish  sti'eams  and  sewers, — floating  an  immense 
amount  of  putrescent  material  into  the  running  watercourses.* 

When  settled  or  transplanted  on  open  ground,  or  upon  ground 
taken  on  a  saucer  and  protected  from  exsiccation,  under  an  in- 
verted tumbler,  and  under  a  moderate  influence  of  light,  the  aqua- 
tic '^  Oscillaria "  follows  exactly  the  same  routine  as  that  which 
spontaneously  originated  on  the  land,  out  of  the  omnipresent, 
wafted,  atmospheric,  no  less  than  the  soil-imbuing,  vibrionic  moss- 
spawns. 

The  Mud'Elister. 

When  such  sluggish  waters,  &c.,  subside,  leaving  the  w^et  mud 
densely  covered  with  a  thick  oscillaria  coat  as  a  black  slime,  in  a 
few  hours  the  whole  will  be  found  sprouting  with  large  blisters^  of  < 
pin-head  size^  and  closely  set  so  as  to  touch  mutually,  and  audibly 
decrepitating  under  the  foot. 

I  have  never  yet  been  able  to  trace  the  immediate  origin  of 
these  "  mud-blisters,"  nor  have  others  been  more  successful.  In 
every  respect  they  represent  a  huge  gloeocapsa-celi ;  being  inflated 
with  an  aqueous  humor,  having  a  branched  root  (with  blunt  ends, 
however),  and  containing  several  large  yolk4ike  pellets  with  an  albu- 
minous zone.  As  each  single  vesicle  occupies  the  comparatively 
large  space  of  about  a  millimeter  diameter  on  the  ground,  the 
original  cell-elements,  which  have  thus  developed,  must  necessarily 
form  but  a  scanty  percentage ;  aithough  on  the  ground  they  stand 
often  as  closely  packed  as  clustering  grape-berries.  No  doubt  the 
cell  which  gives  them  origin  lies  under  the  slimy  coat,  or  lay  buried 
in  the  mire  itself.  In  a  more  recent  condition  the  blister  contains 
only  molecular  chlorophyl  in  an  aqueous  dilution,  and  then  is  Q^led 

•  ProceedingB  A.  A.  A.  S.,  1871,  p.  816. 
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(pseudo-gen,)  "  Hydrogastram,**  In  a  few  hours,  large  pellets  or 
viieUiy  so  to  speak,  form  in  the  interior,  while  the  thickening  skin  is 
Bomewhat  roughened  and  pruinose  by  cracked  slime.  It  had  been 
misconstrued,  in  this  condition,  into  a  Hepatic,  and  been  elegantly 
figured,  on  false  suppositions,  by  AKcheli^  who  calls  it  ^  Genus  SphaB- 
rocarpus,"  and  represents  its  surface  as  composed  of  a  network  of 
cells,  and  its  pellets  as  quadri-compound  fern-spores.  It  is  thus 
copied  into  "  BischoflT's  Botanik."  Dr.  Asa  Gray  figures  it  a  good 
deal  more  according  to  nature,  and  justly  disclaims  the  representa- 
tion of  Micheli.  It  has  been  described  by  Wallroth,  Kuetzing, 
Alex.  Braun  of  Berlin,  Ac,  under  the  name  of  "  Botrydium^  WaU- 
roth^  and  more  recently  been  made  famous  on  the  other  side  of 
the  sea  as  "  the  newly  discovered  American  fever-plant,  Protube- 
rans,  Agz,"  —  as  a  "Palmellacea,"*  The  true  clew  to  its  nature, 
however,  is  gained  by  the  observation  of  its  ulterior  developments, 
as  occurring  in  shaded  positions. 

MosS'Bud  of  Spharocarpus. 

The  blister  here  mollifies,  and  is  seen  slowly  collapsing  into  a 
flat  gelatinous  cake ;  neither  drying  up,  as  in  sun-exposures,  nor 
bursting,  as  when  submerged.  The  enclosed  pellets  care  now  observed 
segmenting^  exactly  in  the  manner  of  the  rhizoclonium  and  conferval 
yolkletSy  forming  the  rootless  moss^bud  and  corm^  as  in  the  above  cases. 
After  casting  the  band-like  roots  sidewise,  the  several  moss-buds 
now  are  seen  rising  and  gradually  piercing  through  the  already 

*  With  reference  to  the  original  article  on  this  subject,  in  the  Amer.  Joum.  Med. 
8ci.,  Januaiy,  1866,  it  may  not  be  uninteresting  to  learn  that  on  that  occasion 
no  less  than  half  a  hundred  supposed  "  new  species  "  and  sereral  "  new  genera  " 
were  launched  upon  the  domain  of  **  diagnostic "  botany ;  all  consisting  of  the 
very  commonest  and  most  ubiquitous  of  the  known  so-called  ChlorospermesB. 

From  Diodorus  Siculus,  Book  i.,  chap.  7,  it  is  probable  that  the  "  mud- 
blister/'  as  an  instance  of  uncommonly  rapid  development  out  of  iuTisible  germs, 
was  not  unknown  to  the  Egyptian  priests,  in  whose  cosmogony  it  played  a 
part :  nU  noui  sub  sole.  The  full  baptismal  credentials  of  this  form  alone  will 
explain  why  further  references  are  omitted :  ancient  Egyptian  name  (unknown). 
Sepedones,  Diod.  Sic,  about  the  Christian  era.  Uloa  granulata,  Linnaeus  (referred 
to  1688).  Sphcerocarpus,  Micheli,  1729.  Ulva  radicata,  Retzius,  1795,  Valonia 
spp.;  Vaucheria  radieata,  Agardh.  Botrydivan  granulatum,  Grerille,  1821-86. 
Bhizococcum  crepitans,  Desmazi^res,  1881 ;  Botrydium  argiUaceum,  Wallroth,  1888. 
Hydrogastrum,  Desv.    Protuberans,  Agassiz,  1866. 

Quarante  siedes  voua  cantemplent  1  Of  these  moss-spawns  about  sixty  titular 
genera  are  upheld  to  the  present  day,  involying  the  labors  of  about  fifty-seven 
authors  on  such  subjects. 
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mollified  membrane,  and  emerge,  hung  around  with  the  adhering, 
darkly  olivaceous,  "nostochine"  deliquescence  of  the  surrounding 
balloon.  As  in  all  similar  cases,  the  molecular  substance  assumes 
the  form  of  serpentine  bead-strings,  like  pater-nosters  alternately 
relieved  by  a  larger  bead,  at  regular  intervals,  and  imbedded  in  a 
copious  "  amorphous  "  gelatine. 

The  Nostoc. 

The  single  beadlets  of  these  pater-nosters  (claimed  as  a  peculiar 
ps,  genus  "  Nostoc ")  very  soon  are  seen  partly  to  multiply,  by 
cross-division;  or  immediately  lengthening  out  —  in  equal  calibre 
—  into  om^no-fibrils  of  corresponding  diameter.  The  blackish- 
brown  nostoc  patches  here  turn  of  a  bluish  verdigris  color,  which 
characterizes  their  transition  into  oscillaria  sprigs;  a  process  re- 
quiring only  a  few  days.  This  onward  development  is  common  to 
all  nostoc  derived  from  the  actual  deliquescence  of  confervaceous, 
&C.,  moss-spawns,  as  well  as  that  generated  by  their  "  navicular," 
silica-coated  cells  increasing  into  "  Nostoc  "  by  cross-segmentation. 
A  similar  form,  however,  likewise  called  **  Nostoc,"  occurs  with  the 
coUematous  Lichens  (gen.  CoUema)  although  remarkable  for  its 
delicately  denticulate  self-division,  &c.  This  refers  particularly  to 
CoUema  humosum ;  of  which  one  (dusky)  form  bears  so-called 
"  spermogones "  (resembling  SphaerisB),  and  detaches  pellets  of  a 
vivid  green  nostoc,  which,  affixing  itself  into  the  soil,  brings  forth 
the  "  apothecium  "  or  asciferous  form  of  the  plant.  Of  the  famous 
"Nostoc  rivulare" — resembling  boiled  tea-leaves  and  lying  strewn 
about  as  a  loose,  bloated  jelly  on  rich  humid  grounds — I  have  never 
yet  succeeded  in  reproducing  any  thing  but  itself.  It  probably,  how- 
ever, belongs  to  the  coUetnatous  nostocs  of  Lichens  resting  on  the 
damp  soil  and  along  the  cracks  of  stones  in  scanty  rivulets.  The 
fact  is,  that  with  a  great  many  Lichens  all  endochrome  is  formed 
of  ^'  nostochine  "  bead-strings,  —  terminating  the  otherwise  thin  and 
fungoid  tissue-fibres.  (In  some  Lichens,  however,  it  forms  in  nug- 
gets or  clusters  by  tessellar  division.) 

I  have  found  all  the  varied  forms  of  "  confervaceous,"  "  palmella- 
ceous,"  Ac,  nostocs,  of  a  springy  glade,  covered  with  bulrushes,  all 
combined  into  one  compact  ulvaceous  tissue.  All  went  through  their 
contingent  nostochine  diffluence,  and  under  the  then  prevailing 
circumstances  that  nostoc  did  not  develop  its  single  granules  into 
oscillaria  fibres,  but  all  and  every  nostoc  in  whatever  mode  pro- 
duced, entered  into  the  formation  of  a  leathery,  "  light-green  mo- 
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r<w?co  booking  "ulva;"  which,  forming  a  aniform  and  compactly 
cohering  cell-tissue  covered  many  acres  in  an  unbroken  continuity. 
A  collector  of  Lichens  would  have  been  easily  tempted  to  "  class  " 
this  cuticle  as  some  (more  than  "  mammoth  ")  Peltigera  aphthoscty  — 
of  several  town-lots'  size.  As  in  all  cases  of  crumbling  moss- 
spawns,  its  wrinkles,  cracks,  and  crests  are  found  efflorescent  into 
the  chalk-^hite  " lepra'* 

The  Bulhiferous  Botrydium, 

When  exposed  to  the  sun,  the  sphierocarpus  or  "mud-blister" 
rapidly  collapses  into  the  shape  of  a  chemist's  muffle,  containing  in 
its  doublings  the  vivid  green  yolks  or  pellets. 

The  latter,  soon  acquiring  a  dense  membrane  of  their  own  under 
the  protecting  scab,  push  a  very  blunt  tap-root  (at  first  resembling 
the  tail  of  a  "  glass-tear  ")  deeply  downward  into  the  wet  soil.  In 
this  case,  however,  the  channel  of  the  root  is  continuous  to  the 
cavity  of  the  pellet  itself  while  in  the  large  or  sphcerocarptM-form  it 
is  closed.  Contracted  under  the  action  of  a  fierce  sun,  the  "  glass- 
tear  "  pellet  now  forces  its  contents  down  into  the  root  and  its 
blunt  branches,  on  the  ends^  whereof  as  many  globular,  pallid  bulbs 
are  formed ;  otherwise  exactly  resembling  the  well-known  radical 
brood-balls  of  the  aerial  roots  of  Hepatics.  On  damp  grounds,  the 
pellet  itself  is  ultimately  seen  bloated  into  a  nostoc-globule,  feeding 
the  root-balls,  which  now  sprout  forth  as  the  well-known  "  rhizo- 
clonium,"  or  pencilled  moss-velvet  of  ulvaceous  patches,  producing 
the  moss'bud. 

This  occurs  in  shady,  Ac,  localities.  In  sun-exposed  flats,  on  the 
contrary,  the  pellet  collapses,  after  forming  its  subterraneous  brood- 
balls  on  the  root-ends ;  and  the  remaining  endochrome  form^  into 
brick-red  globules^  imparting  a  vermilion  color  to  the  entire  extent 
of  the  grounds.  The  same  occurs,  when  "  euglena,"  set  ashore, 
takes  root  as  a  "glass-tear"  pellet.  The  radical  bulblets  often 
remain  buried  in  the  baked  soil,  to  be  resuscitated  by  some  future 
submersion,  under  a  shape  yet  to  be  investigated  by  the  micro- 
scope of  the  rational  observer. 

Lepraria  Kermesina. 

On  ploughed  grounds,  &c.,  the  balloons  of  "  sphasrocarpus,"  — 
formed  after  rains,  &c., — instead  of  collapsing,  are  seen  gradually 
crumbling  apace,  from  top  downward,  into  a  peripheric  layer  of 
brood-cells,  thus  leaving  a  circular  apical  pore  or  opening  which 
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Strikingly  resembles  a  globular  « theca,"  it  is  true.  It  is,  however, 
not  an  'adult  or  perfected  plant.  These  brood-pellets  are  seen 
rapidly  assuming  the  creeping,  varicose  growth  of  terraneous  con- 
fervflB ;  and,  rapidly  rounding  their  cell-contents  and  turning  red  as 
brick,  they  thus  form  —  together  with  the  pencilled  moss-velvet  or 
"  rhizoclonium  "  —  the  copious  source  of  a  general  production,  on 
mud-cracks  and  on  ploughed  fields,  first  of  the  charming  emerald 
velvet,  in  foggy  seasons  and  localities ;  next,  of  the  well-known 
"  brick-red  leprosy "  (the  **  Lepraria  kermesina,"  or  "  Protococcns 
nivalis  '*  of  authors),  in  dry  spells  of  weather. 

The  Atmospheric  Germs. 

From  the  brick-red  phase,  in  all  moderately  damp  nights,  a  very 
loose,  pulverulent,  and  rather  cuAy-looking,  molecular  production  — 
somewhat  intermediate  between  the  chalk-white  and  the  gummous 
stages  of  the  "  clay-bloom  "  -^  takes  place  on  a  large  scale.  This 
very  light  and  loosely  piled  organic  dust  —  resembling  microscopic 
ant-hills,  so  to  speak — is  mostly  overlooked  and  classed  as  (inor- 
ganic) ^  dust."  It  is,  however,  present  in  enormous  quantities,  and 
swept  into  the  atmosphere  by  the  slightest  breath  of  wind.  It  is 
thus  carried  all  over  the  world,  probably,  and  lodged  on  alpine 
heights  no  less  than  on  the  polar  snows,  as  the  famous  ^  Protococ- 
cns nivalis,"  Ehrenberg, — filling  the  fields  and  plains,  the  seas  and 
rivers,  all  stagnant  pools  and  flowing  springs,  with  a  really  im- 
measurably numerous  supply  of  its  subtlest  germs  —  of  only  the 
four-thousandth  part  of  a  line  in  bulk. 

The  Gum  of  the  Land,     Peat-Bogs, 

It  would  appear  appropriate  to  remark  that  the  ubiquitous  silver- 
moss,  whose  spawns  occupy*  the  greater  part  of  all  open  clayey 
grounds  and  fertile  plains, — aside  from  most  transient  mud- water 
collections,  —  only  scantily  fructifies  in  the  adult  state,  compared 
with  other  mosses.  It  naturally  occupies  the  adobe-like,  baking, 
clayey  grounds,  the  fertility  of  which  it  seriously  affects ;  whether  by 
forming  an  impenetrable  gummy  cover,  impervious  to  the  sudden 
and  beating  stoinns  of  our  summers  (not  having  time  to  re-soak^ 
leaving  the  water  to  rush  off,  and  the  ground  dry  underneath),  or 
whether  it  otherwise  act  as  a  true  discuiient  and  fallower  of  the  soil 
as  a  solvent  of  silica  and  iron.  On  rich  ground,  more  favorable  to 
mqss-development  in  general,  it  is  apt  to  be  crowded  out  by  the 
stronger  races.    It  is  thus  that  each  permanent  lagoon  —  even  the 
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bilge-water,  e.g.y  of  a  wharf-boat,  as  quoted  above  —  is  mostly  occu- 
pied by  a  single  dominant  moss-vegetation.  In  the  latter  case 
I  had  occasion  to  observe  a  Hypnum  as  the  adult  moss,  its  "zyg- 
nema''  or  spirally  ornamented,  quill-like  water-floss,  remarkable 
for  the  great  number  of  parallel  coils  of  chlorophyl ;  while  in  peat- 
bogs the  Sphagnum's  phases  seem  to  prevail,  yet  not  to  the 
exclusion  of  about  fifby  species  of  various  genera  of  mosses  which 
are  enumerated  as  inhabiting,  e,g^  the  peat-bogs  of  Austria.  In  the 
famous  Plattensee,  a  single  confervaceous  type  seems  to  domineer 
the  whole  to  the  exclusion  of  others ;  and  the  radiating  develop- 
ment of  its  fibres  into  floating  balls  has  been  accurately  described 
in  a  special  monograph. 

The  Zygnema  QuiU. 

Having  considered  the  moss-spawns  of  the  dry  clay,  the  damp 
soil,  the  mire,  and  the  atmosphere,  I  return  to  the  mud-blister,  as 
a  connecting  point  of  departure  for  their  aquatic  developments. 

When  submerged,  e,g^  by  rains,  the  "  sphaerocarpus  "-balloon  or 
vesicle  bursts,  and  emits  both  its  molecular  chlorophyl  and  its 
glairy-zoned,  2-5  pellets. 

The  molecular  discharge  presently,  by  cross-segmentation,  forms 
into  a  closely  effused,  very  dark  and  glossy  "  nostoc,"  the  single 
beadlets  of  which  at  once,  by  elongation  and  internal  nummifonn 
division,  directly  grow  into  the  verdigris-colored  "oscillaria" 
fibrils,  in  the  course  of  a  few  hours. 

The  "  Sphffirocarpus  "  pellets,  disgorged  by  the  bursting  of  the 
balloon,  can  be  found,  e.g,  immediately  after  a  thunder-storm  at 
the  bottom  of  inundated  flats. 

The  yolks  or  pellets  at  first  are  found  unaltered,  but  in  a  few 
hours  are  seen  cross-septated  by  a  pellucid  sheet ;  while  the  gelat- 
inous envelope  is  condensing  into  a  cell-coat,  and  the  contents 
have  a  pallid,  punctuated,  uniform  appearance.  As  many  as  four 
to  a  dozen  of  cross^ivisions  are  thus  formed, —  always  continuing 
in  the  immediate  calibre  of  the  pellet,  —  after  which  all  the  sub- 
sequent partitions  are  formed  with  the  charming  spiral  arrangement 
of  an  emerald  chlorophyl,  that  characterizes  the  pseudo-genersL 
**  Zygnema"  and  "  Spyrogyra."  I  have  not  yet  been  able  to  ascer- 
tain whether  the  new  additions  are  thus  engendered,  or  whether 
the  previously  medullary-punctuated  contents  are  thus  changed, — 
in  the  older  parts.    The  former  is,  however,  the  more  probable.' 
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The  "zygnema  "-quill  is  the  most  bulky  of  all  these  fibres,  and 
of  equal  width  throughout.  It  is  thus  distinct  from  "  Spirogyra,** 
which  is  tapering.  Both  never  ramify,  but  are  very  apt  to  cross- 
divide  into  their  drum-shaped  component  sections,  and  directly 
elongate,  rounding  off  their  flat  top-ends.  I  have  never  seen 
either  of  these  types  procreated  from  any  other  source,  or  "  spore," 
than  the  one  here  given,  save  a  bluntly  crescented  juvenile  form. 

As  for  the  origin  of  the  (tapering)  "spirogyra"  quills,  which 
form  ledges  as  of  clotted  hair-locks  on  the  borders  of  spiings  and 
glades,  the  probability  is  that,  in  the  first  place,  they  can  arise  from 
the  drum-shaped  segregative  segments  of  "  zygnema ; "  since  the 
latter  continue  to  reproduce  cells,  elongating  in  the  axial  sense. 
In  a  juvenile,  few-jointed  "  spirogyra,"  the  oldest  or  butt  end  is  in- 
variably the  bulkiest,  and  as  thick  as  a  zygnema  drum-cell.  These 
lustrous,  lubricated,  and  spirally  ornamented  Squills"  are  seen 
rising  with  their  butt-ends  somewhat  above  the  water's  edge,  as, 
e.g,y  on  a  tumbler's  side  o»  the  walls  of  springs.  When  rising  upon 
the  mud  of  the  shallower  parts  of  springy  glades,  they  are 
seen  to  deliquesce  from  the  rear,  cell  by  cell,  into  a  voluminous 
"  nostoc,"  or  rosary-beaded  gelatine  of  dark  olivaceous  color.  On 
subsiding  glades,  red  with  vermilion  euglena  scums,  and  emerald 
with  the  clotted  spirogyra  hair-locks,  the  latter  are  found  sticking 
to  the  half-submerged  grasses,  and,  when  laid  dry  by  subsidence, 
form  into  blackish  webs  and  crusts  of  exsiccated  "  nostoc,"  crum- 
bling on  the  grass-stalks. 

Spirogyra, 

I  must  here  refer  to  De  Bary's  publications  concerning  these 
forms.  Judging  from  his  figures,  there  can  be  no  doubt  that  a 
"spirogyra,"  <fcc.,  joint  emerged  from  some  rounded  cylindric^ 
harshly  coated  cell.  He  calls  it  a  "  spore."  Well.  He  also  sees 
"  spores"  formed  by  copulation  of  spirogyra  fibres,  in  the  well- 
known  fashion.  His  idea  is,  that  the  copulative  ^spores"  would  then 
produce  the  copulating  quills ;  but  the  evidence  is  defective.  The 
experiment  ceases  with  the  production  of  some  spore  or  other,  and 
neither  their  identity  with  those  crusty  ones  which  produced  the 
spirogyra,  nor  the  capability  of  the  copulative  spore  of  doing  it,  is 
experimentally  demonstrated.  That  proof  is  actually  missing,  in 
this  and  most  of  his  published  observations  respecting  "  desmidia- 
ceous  "  or  "  palmellaceous  "  cell-broods ;  thus  leaving  a  fatal  break 
in  the  observation  and  in  the  argument  alike. 


Digitized  by  VjOOQIC 


BOTANY.  Soy 

Zygnema  Chptdatian. 

By  innumerable  observations,  conducted  on  the  largest  scale  by 
watching  the  wholesale  changes  as  they  occur  in  nature,  I  am  en- 
abled to  state,  that  the  head  or  ^^  spore  "  formed  by  the  well-known 
side- wise  and  mutual  transfusion  of  contents,  in  the  "  copulation 
of  Zygnema  "  (by  tnosculative  warts  formed  on  the  single  joints)  is 
an  oval,  or  ellipsoidal,  green,  coadess  protoplasm.  As  the  bulky 
membrane  of  the  progenitorial  fibre  spontaneously  deliquesces  into 
a  very  voluminous  soluble  jelly,  a  great  many  of  these  beads  as- 
sume the  bright  "  venetian-red  "  color  which  marks  their  presence 
when  floating  on  the  surface  of  swamps.  They  now,  however, 
constitute  the  fa-mous  psetido-genus  "Euglena?'  of  Ehrenberg:  one 
of  the  so-called  ^flageUate  infusoria  "  par  excellence. 

The  Euglena. 

This  "  Euglena"  is  a  contractile  vegetable  protoplasm  iodg^  generated 
from  a  plant,  and  as  a  plant,  and  returns  into  a  moss.  Feeding 
without  a  mouth  or  entrails,  it  is  rather  organized  in  strict  like- 
ness of  all  spermoid  elements,  whether  of  animals,  cryptogams,  or 
pollen-discharges.  It  is  a  coatless,  JlageUate  cell,  itself;  but  not  a 
^sexual*"  semen  (incapable  of  independent  development). 

The  etf^^o-phase  is  indeed  the  most  important  and  instructive 
one  to  be  studied,  of  all  these  physiological  forms ;  on  account  of 
the  multifarious  processes  and  developments  it  can  conditionally 
assume. 

It  mostly  forms  the  uniform  red  or  vivid  green,  glsdry  cuticles 
on  still  pools  and  gutters.  Its  grub  or  leech-like  writhing  sarcode- 
bodies  are  about  ^  of  a  line  in  length,  oblong-fusiform,  with  a  clear, 
pointed  rear,  and  a  blunt,  clear  fore-end.  The  latter  has  a  slight 
prolongation  like  a  neck,  bearing  a  rounding  or  ^  head,"  with  ap- 
parently one  red  eye,  and  a  little  groove  like  a  mouth,  from  which 
propends  a  long,  delicate,  filiform,  vibratory  JlageUumy  rather  longer 
than  the  body,  so  to  speak,  and  in  its  earlier  stages  carried  back- 
ward along  the  body  while  being  propelled  forward. 

The  flagellum  is  rarely  discernible  even  with  a  500  diameter 
magnifying  power.  Only  at  a  later  period,  when  the  incessantly 
contracting  or  writhing  body  turns  colorless,  the  flagellum  be- 
comes visible,  stiffish,  and  porrected,  travelling  ahead  of  the  body, 
which  is  now  rather  tapering  in  front  and  sac-like,  blunted  at  the 
rear ;  while  every  one  of  its  (no  longer  green,  but  partly  red)  con- 
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Btitnent  particles  seems  to  be  active  with  independent  contractions. 
The  presence  of  its  discernible  "Chinese  pig-tail"  or  apparent  pro- 
boscis (frequently  rolled  and  unrolled  like  the  spiral  proboscis  of  a 
butterfly,  or  plied  like  a  horse-whip,  with  a  fluttering  tremulous 
tip),  alone  suffices  to  distinguish  it  in  this  its  pallid  state  from  the 
slowly  crawling  *'  sacs,*'  and  pseudo  podial  stars,  of  the  "  amctha  " 
or  vorticello-planarian  pellets.*  The  flagellum  is  finally  shed,  and 
under  the  very  microscope  seen  to  dissect  into  rigid  joirUleis^  —  like 
some  insects'  antennsB.  The  joints,  increasing  in  size,  shove  into 
zigzags,  and  finally  separate,  spontaneously  moving,  as  some  in- 
dividual "  diatomaceouB  "  form. 

On  calm,  sunny  days  the  Euglena  covers  still  pools  as  a  dense 
mosaic  of  o vally  contracted  beads.  The  "  heads  "  are  hid,  by  apical 
introversion,  while  they  stand  erect,  with  blunt-intracted  rear  end 
about  \  immersed,  —  like  -so  many  eggs  in  salt  —  into  a  hyaline, 
gelatinous  stratum.  When  touched  with  water,  the  whole  body 
at  once  resumes  its  active  contractions  and  dreamy  gyrations ;  and 
the  empty  sockets  represent  a  close  and  hexagonal  arrangement 
as  of  a  honey-comb  with  triangular  "intercellular"  abutments. 
This  process  may  be  repeated  until,  at  last,  the  whole  bead  becomes 
either  "  encysted"  (as  a  coated  "  cell") ;  or  (in  the  dark)  it  fades 
into  an  extremely  voluble  pallid  body  resembling  an  amoaba,  and 
dissolving  into  colorless  automatons  molecules. 

The  "  euglena  "  or  peristaltic  protoplasm  beadlet  preserves  dis- 
tinctive features  in  diflerent  mosses.  That  derived  from  and  issuing 
into  Funaria  is  more  pointed  at  the  rear,  and  frequently  contracts 
into  the  shape  of  a  wheel  and  axle,  lustily  spinning  round,  like  a 
top  made  of  a  button.  The  euglena  of  the  common  silver-moss 
does  not  behave  in  a  like  manner. 

Rs  Germinal  McUter, 

The  red  or  green  euglena  which  resulted  from  the  copulation  of 
zggnemoy  when  drifted  upon  the  mire  heated  by  the  sun,  within 
a  4ew  hours  disintegrates,  as  do  all  other  euglenas,  into  its  com- 
ponent chlorophyl  (or  miniate-colored  " erythrophyl ")  particles; 
the  larger  whereof  immediately  commence  lengthening  in  the 
axial  sense,  turning  glassy  pale  in  this  first  stage  of  "  oscillarian  ** 
existence,  while  assuming  the  cross-bars  and  automatons  length- 
wise locomotion  of  all  free  "  oscillaria  "-fibrils.    They  now  gradu- 

*  Amer.  Journ.  Sd.  and  Art,  No.  8, 1871,  p.  95. 
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aDj  asunme  the  dusky  verdigris  hae  which  is  so  characteristio  of 
the  oscillaria-fibrils. 

NavicuUB, 

Along  with  these  primitive  oscillaria-molecules,  about  y^js  ^^  * 
line  diameter,  quite  a  number  of  most  minute,  spicular  slivers  or 
*'  naviculae  ^  are  seen  darting  out  from  the  euglena^pulp  of  miscel- 
laneous ingredients.  These  siliceous  shuttles,  soon  increasing  in 
size,  form  perfect  navicutm  (pwurfo-genus  "  Navicula,"  &c.)  ;  and  so 
do  likewise  the  joints  of  the  stiffened  flagelli,  after  the  latter  have 
been  shed  (as  when,  by  privation  of  light,  &c.,  the  "  euglena  "  has 
faded  and  become  "  amosboid  " — see  above).  The  most  frequent  pro- 
duction of  "  naviculaB,"  however  (or  of  the  allied  jo«curfo-genera),* 
can  be  watched  growing  under  the  microscope,  when  from  some 
confervaceous  mass  the  contents  are  forcibly  crushed  out,  in  a 
suitable  fixture  (compressed  between  glass-slips,  somewhat  held 
apart,  wired  together  with  thin  copper-wire,  and  preserved  from 
exsiccation,  «.^.,  under  an  inverted  tumbler,  while  yet  accessible  to 
strong  daylight,  and  the  surrounding  air  enclosed  with  it).  A  great 
many  of  the  component  granules  will  each  lengthen  out  into  a 
straight  body,  resembling,  e,g^  the  mericarp  of  umbelliferous  plants ; 
or  such  "  desmidiaceous"  cells  will  form  within  the  intact  fibre  itself. 
They  will  also  form  as  stipes^  which  branch  by  fission,  &c.  They 
then  multiply  by  fission,  as  is  well  known ;  not  exclusive,  however, 
of  a  great  many  other  methods  of  propagation.  The  silica-coated 
shuttles,  shoving  along  all  the  while,  at  certain  seasons  (in  fall) 
produce  such  an  enormous  amount  of  green  molecules,  extruded 
by  their  nozzles,  so  to  speak,  that  they  form  clots  of  whitish  green 
**cyrds^^  floating  all  over  the  surface  of  "sink-holes,"  ifcc,  and  in 
vast  quantities  deposited  along  the  beach.  Such  molecules  may 
frequently  be  watched  moving  in  the  long  axis  of  a  "  navicula  ^ 
and  then  being  expelled.  On  the  beach  they  readily  luxuriate  into 
a  dense  crop  of  "  glass-tear  "  blisters. 

The  minimal  navicnhej  expelled  from  the  deliquescent  "euglena'' 
(when  mired  upon  a  beach  in  the  sun),  are  also  frequently  seen 

*  **  MattogUna  Smithii,  [3f.  lanceolata  and  Schizonema  GreoUlei"  (Carp.  Micr. 
pp.  302,  808),  are  the  contenU  of"  CanfervacecB" 

t  A  similar  whitish-green,  paint-like  color  is  frequently  observed,  when,  after 
prolonged  droughts,  a  gentle  rain  ialls.  All  street  gutters,  stones,  and  wood 
adjacent  to  the  streamlets  of  the  rain,  are  as  it  were  stained  with  a  light  yerdi- 
gria.  This  appears  to  result  from  the  pulrerulent  proliferations  of  the  "  brick- 
red  "  leprosy,  or  "  lepnuia  keimesina  "  (abv.). 
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parting  in  the  middle  by  producing  a  globular  bead ;  while  still  the 
wedge^baped  ends  adhere.  By  the  common  mode  of  chlorophyl- 
production,  this  bead  develops  into  an  entire  "nostoc"  fibre,  still 
bearing  the  navicula  prows  at  either  extremity.  These  locomotor 
fibres  thus  afford  a  very  handsome  and  instructive  appearance ;  a 
larger  bead  relieving  the  uniformity  of  smaller  ones  at  regular  in- 
tervals, as  in  a  rosary.  At  the  spontaneous  separation  of  these 
beads,  whether  small  or  large,  both  kinds  directly  lengthen  ont 
into  simple  oscillaria  fibrils,  as  in  all  cases  of  bryaceous  "  nostocs.'' 

The  gelatinous,  dreamily  contracting,  gyrating,  and  wandering, 
mouth-  and  food-less  eu^r/ena-sarcode  presents  two  features  which  it 
has  in  common  with  the  large,  crescented,  desmoid  cell  called 
{pseudo-gemxie)  " Closterium."  It  has  a  red  cell-nucleus  or  "eye," 
the  component  vibrios  whereof  cannot,  however,  be  separately 
distinguished,  nor  do  they  apparently  travel  or  circulate,  as  in 
the  case  of  the  "  closterium "  (or  fusiform-crescented)  ceU  phase. 
Both  alike,  however,  are  occasionally  seen  to  extrude  "  germinal 
molecules  "  (that  universal  semen  of  the  cell-tissues)  much  in  the  fash- 
ion of  fsBces ;  and  the  old  mistake  of  claiming  it  as  an  "•  animal " 
appears  very  pardonable,  from  this  feature  alone. 

The  JSuglena  as  a  Moss. 

Aside  from  its  indirect  origination  from  the  sph€erocarpu9'^\\etj 
which,  like  that  of  "conferva"  and  the  "gloeocapsa  "-pellet  directly 
issues  into  the  hryoidphase^  or  perfect  condition,  the  most  decisive 
feature  in^the  entire  euglena  development,  as  to  its  nature  or  proper 
classification,  is  this :  that  when  drifted  upon  a  moderately  dry  and 
cool  or  shady  beach,  the  "  euglena  "  bead,  standing  erect  and  packed 
in  its  basal  slime — as  .above — at  once  assumes  a  cell-coat  and  casts 
a  tap-root  downward  like  the  secondary  (t.6.,  ^^ glass-tear  ")  mud-blister  : 
forming  radical  brood-baUs,  and  sprouting  the  pencilled  moss-^vehet  which 
hears  the  moss-bud^  as  true  "  rhizocloniumJ* 

We  have  here  arrived  at  its  ultimate  "  adult "  stage. 

The  Water-FlanneL 

Aside  fi^m  their  slimy  difiluence,  the  red  euglenas,  sprung  from 
zygnemarcopulation,  when  occasionally  found  settling  on  shady  sites 
along  the  beach,  becoming  more  and  more  contracted,  are  seen 
gradually  shrinking  into  certain  crisp,  brownish,  globular  beads, 
which  subsequently  turn  of  a  grayish-black  color. 

These  again,  on  absorbing  moisture — when  after  rain  the  water 
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rises  apon  them  —  swell  up  to  the  fivefold  diameter,  and  after  dis- 
solving their  outer  strata  into  a  gray  molecular  slime,  composed  of 
the  most  minute  motile  elements,  globules,  shuttles,  spicules,  ifec, 
their  interior  exhibits  a  few  meshes  of  the  famous  "  Hydrodictyon  "  or 
water-flannel ;  the  origin  and  mode  of  propagation  whereof  had 
hitherto  remained  essentially  imexplored.  They  are  hard  to  disen- 
gage without  fracturing  their  connections,  but  evidently  occupy 
the  centre,  as  about  one  dozen  of  primitive  meshes  cohering  in 
a  somewhat  hexagonal  shape,  and  tightly  surrounding  a  tourmaline- 
colored,  more  or  less  rosetted,  central  nucleus.  From  the  mode  in 
which  these  joints  or  meshes  cohere  and  tear  apart,  it  is  to  be  sur- 
mised that  they  form  a  scalenohedron,  of  twelve  bars,  meeting  by 
threes  at  each  junction,  and  thus  encompassing  the  nucleus ;  as 
twelve  globes  surround  a  central  one,  thirteen  in  all. 

The  joints  here  are  about  ^^  of  a  line  in  length.  The  full-sized 
water-flannel  "nets"  or  "fillet-purses"  are  about  6  inches  long  by 
1^  wide,  and  form  green  reticules  with  meshes  about  ^  of  an  inch 
wide.  The  joints  mostly  meet  by  threes,  forming  mostly  pentago- 
nal meshes.  Their  well-known  endogenetic  production  of  new 
reticules  inside  of  each  joint  has  often  been  commented  upon  by 
authors.  It  has  also  been  discovered,  that  at  certain  times  they 
discharge  "androspores"  (sic).  The  "sexual"  and  "adult"  nature 
of  the  water-flannel  was  hence  proclaimed ;  without  any  indication 
whatever  of  its  origin  and  end  I 

At  first,  the  joints  are  roughish-dotted  and  darkly  green.  Drifts 
ing  upon  the  waters,  several  of  the  "  hydrodictyon's  "  joints  swell 
disproportionately ;  their  confining  membrane  becoming  of  a  thick- 
ish,  gelatinous  nature,  and  vivid-green  cell-nuclei  appearing  attached 
to  its  inner  surface. 

When  the  bar  remains  intact,  these  nuclei  subsequently  join 
into  meshes ;  each  nucleus  forming  the  centre  of  a  node.  When 
raptured  by  drifting,  wind,  or  the  pattering  rain,  &c.,  the  cell- 
nuclei,  heretofore  motionless,  at  the  instant  the  water  touches 
them,  break  loose  from  their  station,  and  violently  vibrating  start 
forth  like  a  swarm  of  bees.  They  taint  the  water  with  a  sort  of 
olivaceous  straw-color  (or  hke  flowers  of  sulphur),  and  attaching 
themselves  to  straws  and  rocks,  <fcc.,  "  suck  "  fast,  as  it  were,  by 
the  vibratile  end  forming  a  sort  of  disc,  with  a  neck  to  it ;  while 
the  rear  end  grows  ahead  by  cross-septation  into  equal,  cylindric 
joints.  The  latter  are  occasionally  relieved  by  larger  blackish  or 
dusky  ones,  some  of  which  ultimately  swell  into  tourmaline-colored 


Digitized  by  VjOOQIC 


374  B.      KATUBAL  HISTOBT. 

globes  of  a  doable  contour.    In  this  condition  it  is  known  and 
figured  as  (pseudo-genua)  "  CEdogonium.'' 

A  few  observations  on  the  ulterior  processes  of  its  growth  we 
owe  to  Pringsheim,  —  naturally  under  the  favorite  bias  of  "  sexual  ** 
organization.  At  certain  seasons  the  ponds,  afler  having  been 
substantially  filled  up  with  this  water-flannel,  which  can  be  hauled 
out  by  the  armful,  straining  the  clear  water  through  like  a  sieve, 
are  occasionally  found  all  at  Qnce  free  from  any  apparent  vegeta- 
tion of  this  kind.  An  immense  amount  of  vegetable  and  corrupti- 
ble gelatine  has  substantially  dissolved  in  this  water,  tainted  with 
a  flattish  taste  and  smell,  and  productive  of  malarious  fevers.  The 
process  of  spontaneous  physiological  dissolution,  of  all  '^  Conferva* 
ceaB,"  mostly  proceeding  from  the  rear  end,  is  the  great  source  of 
such  water  infection. 

Vaucheria  Copulation, 

Another  most  remarkable  development  of  "euglena"  is  that  into 
so-called  "Vaucheria,"  by  direct  elongation  and  amplification,  tn  tte 
sarcode  condition ;  writhing  with  that  screw-like  twist  which  is  so 
remarkable  in  its  lanceolate-pointed,  its  warped-wafer-shaped  sama^ 
roid^  and  its  pyriform-cAorotcf  transmutations  known  as  "  E.  longi- 
Cauda,  £.  Pyrum,"  i&c,  likewise.  (All  these  transitions  can  be 
watched,  e,g^  in  stone  or  china-vessels,  taking  place  within  a  few 
days).  When  forming  into  Vaucheria,  as  observed  by  myself^  in 
fall  (on  a  tub  buried  in  the  ground  to  serve  as  a  pond),  the  green 
sarcode  body  is  seen  to  contain  vacuole-like,  jot«^shaped  bodies, 
resembling  blunt  "  desmidiaceous ''  frustules  ('^  Pinnularia,"  &c.), 
moving  backward  and  forward  by  its  contractions.  It  ailerwards 
assumes  a  uniform  tubular  form  as  if  of  blown  glass,  nnseptated, 
bulbous,  crooked  and  ramifying  in  equal  calibre. 

Many  of  its  branches  now  produce  a  compound  organ  of  trans^ 
fusion  or  copulation,  very  much  like  the  spores  of  the  £quisetum  or 
scouring-rush,  and  those  of  "'  Characeas ; "  with  this  difiference, 
mainly,  that  the  curved  tubuli,  arranged,  around  a  central  vesicular 
body,  here  stand  apart,  as  horns  or  prongs,  and  are  not  twisted 
around  it. 

In  the  case  of  "  Vaucheria "  these  horns,  often  in  whorls,  are 
incurved  and  septated  near  the  top.  Their  well-known  discharge 
of  germinal  or  vibrionic  matter  upon  the  vesicle,  I  have  likewise 
fully  observed.  Wiih&ut  an  apparent  opening  in  the  membrane  of 
the  lemon-shaped  vesicle,  the  dark-green  contents  of  the  latter  at 
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once  commence  violently  rotating,  in  a  masSy  around  the  longer 
axis,  continuing  for  many  minutes  in  this  stately,  as  it  were, 
**  planetary  "  motion. 

The  vesicle  thereupon  enlarges,  and  finally  separates  from  its 
macerating  mother  fibre.  It  immediately  throws  out  branches, 
repeating  the  same  "vaucheria"  developments.  Its  organs  are 
partly  found  singly  sessile  on  the  fibre,  partly  —  on  the  same  stem  — 
pedunculate  and  clustered  in  a  who^-led  capitulum.  Preserved  in 
glycerine,  the  "  capsules "  acquire  a  double  or  triple  internal  con- 
fine, so  as  to  afford  an  altogether  different  appearance.  Some  vau- 
cheria-fibres  are  studded  with  bulbous  moss-buds,  —  as  prothallia. 
Some  bear  pyriform-clavate  apical  Joints  containing  a  large  pellet, 
&C.,  and  their  endochrome  turns  into  slim  flint-spicules. 

Primary  EugUna, 

The  usual  primitive  and  most  massive  production  of  the  euglena- 
phase  itself  is  this.  After  the  last  frosts,  the  "  clay-bloom,"  ifcc, 
washed  into  water-collections,  at  once  commences  developing  into 
the  chlamydococcus-broods  (or  colostriform  "vol voces,"  in  other 
cases). 

The  chlamydococcus  beads  macerate  their  membranes  at  every 
ensuing  spontaneous  bi-quadri-octonary  dissection,  repeating  the 
old  form  through  several  generations.  It  is  in  this  condition  that 
it  partly  also  falls  a  prey  to  an  internal  "  vorticellan  "  parasite,  — 
which  I  have  described  in  "American  Journal  of  Science  and 
Art,"  No.  7,  July,  1871,  p.  22  —  and  also  to  another  external  one, 
probably  belonging  to  the  same  vorticello-planarian  Infusoria. 

The  cell  appears  surrounded  as  with  pin-heads,  distantly  stuck  into 
it,  as  into  a  pin-cushion,  by  some  invisible  connection  or  proboscis. 

This  appearance  has  no  doubt  given  rise  to  the  original  diagnos- 
tic creature  called  "  Acineta,"  The  cell  perishes,  and  the  parasites 
I  have  not  yet  traced. 

After  repeated  self-dissections  of  the  flagellate-roving  "  chlamy- 
dococcus," or  the  puriform  "  volvocine  "  beads,  a  final  production 
turns  out  ellipsoidal;  revolving  on  the  long  axis  while  dashing 
forward,  and  with  a  clear  "polar  zone"  or  spot  destitute  of  chloro- 
phyl  granules.  After  a  while,  their  membrane  macerates,  and 
they  adhere,  e.g^  upon  a  glass  slip,  with  a  pointed  rear  end ;  and, 
being  now  green  all  over,  the  body  engages  in  the  throe-like  writh- 
ings  as  of  "euglena,"  while  the  cell  coat  dissolves. 

The  chlorophyl  soon  arranges  more  around  the  middle,  leaving 
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both  ends  clear.    In  a  short  time  the  cells  appear  as  true  "^  euglenas,'* 
with  clear  ends  and  a  red  "  eye.** 
Another  —  later  —  formation  of  "euglena'*  is  the  following,  by 

Vibrionic  Agency, 

On  breaks  in  dense  oscillaria  floes  which  cover  stagnant  waters, 
a  sort  of  brittlish  scam-cuticle  is  formed ;  partly  composed  of 
writhing  red-eyed  "euglenas,"  and  smaller,  purely  green  ones; 
partly  of  smaller  dai'k-green  pellets  endowed  with  an  albumen  zone. 
They  are  of  the  size  of  gloBocapsa  daughter-cells,  and,  no  doubt, 
are  the  enlarged  sections  of  dissolving  oscillaria  fibrils.  These  yolk- 
like beadlets  are  mostly  quite  inert  and  motionless,  but  on  being 
"seized  upon"  by  apparently  a  single  globular,  minimal  vibrio, 
appearing  in  profile  as  a  violently  agitated,  vibratory  molecule 
about  Tf-^^jf  line  in  bulk,  are  then  seen  violently  rotating  as  if 
hustled  around  by  the  invading  particle.  As  the  latter  disappears 
within,  the  cell  again  becomes  inert,  but  after  a  few  seconds  an 
internal  commotion  —  as  in  a  bee-hive  —  is  seen  created  in  the 
dark  chlorophyl  centre  of  the  cell.  Each  individual  punctiform 
particle  of  chlorophyl  now  starts  into  vibratile  action ;  and,  cohering 
under  the  albuminous  zone's  surface,  the  whole  bead  begins  to 
writhe  as  *'  Euglena,"  although  destitute,  at  first,  of  the  clear  end 
and  red  "  eye."  In  a  few  hours  the  whole  production  appears  as 
complete  "euglena." 

The  first  (or  earliest)  euglena-scums  are  thus  formed  of  the  so- 
called  "  Chlamydococcus  pluvialis,"  ifcc,  and  the  first  osciilarict- 
scums  arise  from  euglena  in  the  following  manner. 

When  drifted  upon  the  sweltering  mire,  all  generations  of 
"euglena"  behave  as  above  detailed,  dissolving  into  the  primitive 
"  oscillaria,"  "  navicula,"  "  nostoc,"  ifcc,  molecules. 

Euglena  Encystment. 
If  left  afloat,  they  rapidly  "encyst"  standing  on  end,  by  ac- 
quiring a  cell-coat  or  rigid  membrane.  The  supporting  glairy 
cuticle  dissolves,  and  they  settle  at  the  bottom  of  the  puddle  as 
immovable,  now  rather  oval  or  ellipsoidal,  "  still  Protococcus,"  so- 
called.  They  now  rapidly  dissolve  into  a  uniform  molecular  pulp 
of  {colorless)  primitive  "oscillaria,"  &c.,  irustules  —  as  in  the  above 
cases. 

Oscillaria  Pulp. 

The  gases  exhaled  under  the  action  of  the  sun  soon  buoy  up 
these  grumose  rugs  of  molecules  interlaced  with  developing  o&- 
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cillaria  sprigs  as  with  a  thousand  minute  knitting-needlei.  At 
night,  they  mostly  settle  to  the  ground  again.  By  a  repetition  of 
this  process,  the  whole  pulp  gradually  acquires  the  uniform  charac- 
ter of  the  blackish,  lubricated,  and  often  inflated  froth  not  only 
covering  flat  ponds,  but  also  generated  at  the  bottom  of  any  slug- 
gish little  stream,  in  summer.  Immense  quantities  of  this  confer- 
Taceous  gelatine  is  thus  seen  buoyed  up  in  drains  and  sewers,  or 
in  creeks,  and  then  conveyed  into  the  larger  water-courses,  where 
they  naturally  dissolve  into  slime  or  liquid  gum. 

There  are,  however,  a  great  variety  of  other  euglena  encyst- 
ments. 

JBuglena  Fyrum^  Ehrh,^  <fe. 

As  above  indicated,  a  xmiform  brood  of  euglena,  when  kept,  e.g,^ 
in  a  china  dish,  will  in  a  short  time  produce  a  great  variety  of 
** still"  cell-forms,  miscellaneously.  One  of  frequent  occurrence  is 
a  samaroid  one  resembling  a  ripe  "  elm-seed,"  notched  or  cordate- 
orbicular,  flat,  with  a  long  acuminate  "  tail,"  a  central  nucleus,  and 
longitudinal  strisB,  —  as  above  mentioned,  —  the  striking  prototype 
both  of  the  epithelia  of  the  mouth  of  human  anatomy  and  the 
scales  of  butterflies'  wings,  &c.  Another  variety,  also  containiug  and 
showing  oblong  ^  desmidious  "  bodies  within,  takes  a  longitudinal, 
samara-like  development,  but  mostly  falciform-twisted  and  with  an 
uncinate  "  head,"  while  others  appear  pear-shaped,  with  a  system  of 
finely  denticulate  screw-lines,  of  a  fine  '^  thread  "  enveloping  the 
whole  surface,  and  terminating  in  a  coronet,  which  recalls  the  char- 
aceous  seed-formation,  on  a  microscopic  scale. 

Ohsterium, 

A  very  frequent  transmutation  is  that  into  certain  varieties  of  so- 
called  (pseudo-genus)  ^^  Closterium."  Assuming  a  semilunar  frisi- 
form  shape,  and  acquiring  a  rigid  surface,  a  small  size  ^  closterium  " 
is  formed.  Gradually  the  **  tail-end "  likewise  forms  a  few  motile 
granules,  as  a  red  eye,  into  a  nucleus.  There  are  a  gi*eat  many 
varieties  of  forms,  of  various  origin  and  varying  with  the  seasons. 
Some  are  very  long  and  almost  straight,  longitudinally  striate, 
with  a  series  of  rosulated  pellets  in  the  long  axis,  cross-divided  in 
the  middle,  and  with  a  large  clear  space  at  either  end ;  others  are 
very  slim  and  semicircular-crescented,  &c. 

In  each  of  the  clear  terminal  spaces,  there  is  a  so-called  cell- 
nucleus,  of  a  sort  of  "garnet"  color. 

A.  A.A.S.   VOL.ZX.  48 
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Sed  Vtbrionic  Nucleus. 

A  close  inspection  in  vtvo^  and  in  all  directions  and  positions,  has 
shown  me,  that  these  glohular  red  nuclei  (or  "  red  eyes,"  Ehrh.), 
frequently  consist  of  moving  particles,  free  to  roam  among  each 
other  within  a  clear  globular  cavity,  itself  contained  within  the 
surrounding  clear  substance.  Further  observations  (also  demon- 
strated to  a  microscopist's  class,  at  St.  Louis,  Mo.)  prove  that  they 
contain  clear  vibrionic  globules,  about  ^^^  of  a  line  in  bulk,  and 
provided  with  a  flagellatory  or  at  least  a  "flickering"  organ,  not 
otherwise  visible  than  by  its  action  and  the  varying  red  Jlashes  it 
gives. 

These  flashing  "germinal"  molecules  are  seen  hived  in  the 
globular  cavity,  as  in  a  focus,  but  can  readily  be  observed  leaoing 
and  entering  and  coursing  lengthwise  through  the  entire  cell^  even  across 
its  '' equatorial"  line,  and  returning  to  the  focus.  Sudh  is  the  usual 
occurrence  with  all  protoplasm  "streams" — (t.«.,  travelling  parti'- 
eles)  —  which  course  around  and  meet  and  cross  each  other  in  the 
so-called  ^  nucleus  "  of  growing  cells.  In  the  adult  cells,  as,  e.g^ 
the  epithelial  ones  of  Cyanotis  zebrina  and  others,  the  original  con- 
stitution of  the  cell-nucleus,  consisting  of  about  a  dozen  affixed 
"  vibrionic  "  particles,  can  be  easily  detected. 

These  ** nucleolar"  particles  being  red  in  "closterium  "  cells,  they 
are  quite  conspicuous  coursing  along  over  the  green  substance, 
when  they  appear  as  very  dark  points,  on  account  of  the  comple- 
mentary colors  involved. 

Closterium  Progenies, 

When  allowed  to  fade  in  dark  vessels,  all  the  axial  so-called 
nuclei  or  resetted  pellets  are  seen  clearing  up  and  dissolving  into 
countless  swarms  of  now  colorless  vibrios  (or  vibratile  molecules) 
leaving  the  ceU  through  its  apparently  intact,  clear  ends.  The 
same  is  observable  in  certain  very  delicate  straight  fibres —  (some 
nondescript  "  Oscillaria"  or  "Lyngbya,"  <fcc.,  <fcc.)  —  formed  inside 
the  "  closterium  "  itself,  and  leaving  the  active  cell,  with  nuclei  still 
operative,  without  any  "serious  consequences,"  apparently. 

"  Closteriums  "  are  partly  straightish,  partly  strongly  curved  or 
crescented ;  some  thicker  in  the  middle  and  escarped  at  the  en^s- 

They  are  known  to  multiply  by  cross-division;  the  "  equatorial  ** 
break  readily  healing  over  with  a  new  tusk  or  lunar  horn. 

They  are  likewise  known  to  copulate,  by  crosswise  transfusion  at 


Digitized  by 


Google 


BOTAmr.  379 

their  eqnator,  as  I  have  ascertained  in  certain  cases.  This  process 
leaves  all  four  horns  hehind  as  empty  scabbards,  —  tilted  back- 
wards. The  bead  produced,  and  claimed  by  De  Bary,  <fcc.,  as  ^  the 
spore  of  Closterium  '*  is  not  semilunar,  but  globular  and  kidney- 
like-lobulate,  like  a  compressed  cluster  of  grapes,  or  a  chlamydo- 
coccus  in  process  of  multisection. 

What  next  becomes  of  it  (probably  a  "  volvox  "  or  "  uvella  '^)  I 
have  not  yet  had  a  chance  to  ascertain. 

A  very  frequent  development  of  "closterium "-cells  is  the  follow- 
ing. In  flat  rain-pools,  or  tanks,  frozen  through  waiter,  and  in  the 
preceding  fall,  either  newly  formed,  or  replete,  6.^.,  with  «*  vaucheria," 
we  often  find  under  the  thawing  ice,  in  spring,  a  flaky  mass  as 
dark  in  color  as  oscillaria.  It  consists  exclusively  of  *•  closterium." 
If  beached,  and  deliquescent  on  the  mire,  its  component  chlorophyl 
molecules  at  once  start  into  the  oscillaria  (black  slime)  develop- 
ment. When  stuck  in  the  mire  under  water,  the  cell,  enormously 
swelling  both  in  length  and  width,  forms  what  would  be  called  a 
very  large  ( jOfetMfo-genus)  "  Microcoleus,"  or  lumbricoid  ceUrhose  re- 
plete  with  {ps,  g.)  "  Oscillaria.^  In  this  case,  however,  the  hose,  nat- 
urally parting  in  the  "mid-girth"  thereof,  represents  two  very  long 
scabbards,  or  quivers,  wherefrom  fascicles  of  oscillaria  wires  are 
seen  slowly  prorepent ;  a  feature  belonging  to  the  diagnose  of  the 
**  Genus  " — one  genus  harboring  the  other  I 

The  Mutberry-Shaped  Botaries, 

The  crescented  closterium  cells,  which  are  left  suspended  in  the 
tepid  mud-water,  very  soon  develop  their  axial  beads  into  com- 
pound (or  acinoid-conglobated)  rosulated,  twirling  or  revolving  cell* 
bodies,  without  a  confine,  but  enveloped  in  a  clear  gelatinous  zone, 
called  a  "  lorica  "  (sic)  by  Ehrenberg.  They  can  be  "  classed  ^-^ad 
libitum  —  under  the  pseudonymous  heads  of  either  "Volvox," 
"Uvella,"  "Polytoma,"  "Glenomorium,"«Pandorina,""Syncrypta," 
"TTroglena,"  or  "Eudorina,"  of  titular  lore.  When  first  liber- 
ated, they  already  exhibit  a  composition  of  similarly  compound 
granules,  which  are  evolved  in  successive  generations,  by  sponta- 
neous segregation.  They  finally,  however,  present  a  composition 
of  indivisible,  somewhat  wedge-shaped  and  angular  granules,  about 
twenty-one  in  number,  and  rather  sparsely  implanted  into  the 
connecting  slime-body  (or  "  lorica").  In  this  shape,  when  crushed 
apart,  they  at  once  assume  a  very  rapid  spontaneous  locomotion  at 
the  small  end   (originally  turned  toward  the  conuuon  centre; 
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whereas  the  original  compound  body  itself  revolves  all  around  by 
some  imperceptible  (perhaps  reflexed)flagelli  or  *•  cilia." 

(Edog<mium. 

When  left  to  develop,  they  assume  a  delicate  conlBne,  and  set- 
tling down  develop  their  solitary  nuclei  into  juvenile,  one  or  ^ev- 
eral-jointed  "  oedogonium  "  cells ;  which,  when  liberated,  at  once 
take  to  roving  around  with  great  activity,  but  soon  subside  on 
some  suitable  object  to  develop  into  the  same  sulphureous  floss  as 
the  liberated  nuclei  of  the  fillet-purses,  when  their  mother  joint  is 
prematurely  ruptured.  A  similar  "  oedogonium "  fleece  is  gener- 
ated from  the  red  conferva-pellets,  as  we  have  seen  before ;  and 
they  may  stand  as  an  aquatic  homologue  to  the  disjointive  moss- 
velvet  or  '^  rhizoclonium,"  and  the  latter  as  a  terraneous  ^  oedogo- 
niuin"  form. 

Anthophysa, 

Among  the  "  acinoid "  (or  rosulated)  revolving  beads,  we  must 
here  notice  the  famous  "  Anthophysa  Mullen ; "  for  which  "  a  sepa- 
rate kingdom  "  has  been  likewise  prepared  (Nov.  Act.  Nat.  Curios. 
1854,  vol.  i.,  tab.  zv.)  It  consists  of  a  raspberry-like  conglobation 
of  clear,  oval  beads,  violently  spinning  round  as  a  \f  hole,  on  top  of 
a  somewhat  spiral,  brownish,  and  aciculated  fibre,  tapering  toward 
the  evanescent  top  whereon  the  clear  ^uvella"  struggles  to  free 
itself.  These  fibres  are  formed,  where  "spirogyra"  quills  are  dis- 
solving, from  the  straightening  spirals  of  the  latter,  loosened  from 
the  macerated  "  spirogyra's"  confining  cell  walls.  After  a  short 
time  the  uveUa  (formerly  a  cell-nucleus  of  **  spirogyra  ")  twirls  itself 
loose,  and  the  constituent  beads  gradually  separate,  assuming  a 
virescent  color,  and  thenceforward  follow  the  developments  con- 
formable to  "fresh-water  algsB." 

SpJueropUa. 

As  for  the  so-called  "volvocine"  or  naked,  compound  (rosu- 
lated) revolving  cells,  exactly  the  same  kind  as  produced  from 
"  closterium  "  are  occasionally  formed  not  only  in  the  lateral  warts 
of  the  common  water-hemp,  but  they  are  likewise  found  copiously 
preformed  in  otherwise  clear,  but  intact  and  connected,  joints  of 
the  fillet-purses  ("hydrodictyon") ;  all  their  chlorophyl  having 
apparently  undergone  this  change.    The  same  may  be  said  of  cer- 
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tain  fibres  called  (pseudo-genus)  "  Sphaeroplea ; "  where  they  are 
arranged  in  the  interior  in  an  alternate  series.  In  the  natural 
process  of  spontaneous  maceration  from  the  rear  forward,  all  such 
contents  are  set  free. 

Ohatopkora. 

Similar  rosulated  cell-beads  are  formed  in  the  segregative  joints 
of  the  psetido-genxia  "  ChsBtophora."  The  origin  of  the  latter  takes 
place  in  various  modes.  The  most  frequent  one  is,  as  far  as 
aquaria,  &c.,  are  concerned,  that  certain  short  frustules  of  broken 
^  oscillaria  '^-spriglets  are  seen  a  little  flattened  out  in  the  fashion 
of  a  ruler.  TJpon  breaking  or  spontaneously  dissecting,  the  fracture 
now  exhibits  two  distinct,  although  minute,  horns  or  claws,  like  ox- 
horns,  at  either  end. 

Such  frustules,  when  watched  and  bred,  both  in  their  natural 
abodes  (or  ^  hahitats ")  and  under  artificial  circumstances,  are  seen 
macerating  their  membrane  while  displaying  a  double  series  of 
daw-shaped  beadlets,  —  blunt-end  inside  and  arranged  in  alternat- 
ing order ;  thus  forming  a  sort  of  double  comb  with  uncinate  teeth. 

As  the  confine  macerates,  each  single  one  of  these  beadlets  grows 
directly  into  the  clustered  ramifications  of  awl-shaped,  jointed 
branches,  the  setiform  empty  tips  whereof  afterwards  almost  hide 
all  appearance  of  verdure,  and  appear  like  milky  flakes  of  slime,  in 
spring-courses  and  cow-tracks,  in  wet  places.  They  are  seen  rap- 
idly segmenting,  the  chlorophyl  of  their  elongated  joints  centrally 
contracted  into  beautiftil  rosukey  while  the  blunt  top  of  the  tuftlet 
produces  some  inflated  joint,  forming  a  tessellated  bead, — break- 
ing up  into  more  Chsetophora. 

At  first,  the  primitive  claw-shaped  body  detaches  on  its  blunt 
end  a  globular  bead  which  (in  aquaria,  &c.,)  serves  as  a  centre  of 
radiation  of  **  chaBtophora  "  upon  the  glass. 

Drapamaldia. 

Ajflerwards  some  immense  roving-beads,  about  ^  line  diame- 
ter, are  found  booming  in  the  water,  very  globiform,  dark-green, 
smooth,  and  with  a  clear  navel-point,  so  to  speak,  whence  proceeds 
their  rapid  flagellatory  motion.  They  can  be  readily  observed 
attaching  themselves  to  any  immersed  glass-slip,  ifec,  fastening  as 
by  a  suction-disc  at  the  "navels-end.  By  a  rapid  rearwai-d 
elongation  and  septation,  they  produce  a  confervoid  fibre,  with 
oblong,  cask  or  barrel  shaped  joints;  several  of  which  are  thick- 
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ened  and  of  a  very  dark-brown  color.  They  now  are  called  (pieuda- 
genus)  "  Drapamaldia ; "  and  their  subverticillate,  Xufled,  setiform 
branches  constitute  the  "  chastophora,"  with  axial  top-beads. 

The  smaller  "  chaBtophora  "  form  is  also  observable  in  many  cases 
of  the  mud-blisters  ("  sphaBrocarpus  "),  neither  crumbling,  deliques- 
cing, collapsing,  nor  producing  a  moss-bud ;  when  the  endochrome 
is  seen  prorumpent  as  tufts  of  a  very  short-pointed  "  chastophora." 
The  same  likewise  arises  out  of  a  certain  buUate  inflation  (resem- 
bling the  euglena,  Ac,  "glass-tear")  of  the  joints  of  primitive 
hydrodictyon ;  when  the  buried  net-work  is  not  submerged,  but. 
still  drenched  by  dews,  &c.  The  "nuclei"  contained  in  such  an 
inflation  (which  very  much  resembles  a  chemist's  retort),  turning  of 
a  bright  green,  directly  produce  the  same  fascicular  and  pointed, 
short "  chaBtophora  "-velvet. 

Endochrome  Farms. 

It  will  be  readily  observed  that  the  contents  or  endochrome  of 
the  confervoid  fibres,  more  particularly,  are  direct  commencements 
of  "  desmtdtaceofis  "  forms.  The  ultimate  development  of  a  great 
variety  of  "hibernating"  or  storage  cells  has  yet  to  be  explored. 
We  find  the  endochrome  of  short  "zygnema"  frequently  condensed 
into  a  clear,  gravelly,  chondroid  substance  (resembling  the  "  goitre "- 
cells).  When  life  revives,  in  spring,  we  find  shapeless  slivers  of  a 
clear  chondroid  or  quartz-like  substance  swelling  and  giving  forth 
innumerable  germs  of  the  "  protococcus  "  and  "  chlamydococcus  " 
description.  In  permanent  sink-holes,  Ac,  I  find  the  first  and 
uniform  production,  in  spring,  to  consist  of  a  gelatinous  mass  of 
small  globular  beads,  about  :(^^  line  diameter,  imbedded  in  an  am- 
ple amount  of  a  hyaline  jelly.  These  globules  rapidly  multiply  by 
dissecting  in  the  (desmidiaceous)  fashion  of  "split  pease."  The 
same  is  produced  by  a  gelatinous  spirogyra-dissolution,  studded 
with  "  naviculsB ; "  the  beads  eventually  escaping  as  "  etiglenasJ* 

DesmidiacecB. 

As  for  "desmidiaceous"  and  "palmallaceous"  forms,  they  are 
rather  scanty  on  clayey  soils,  and  in  the  more  transient,  stagnant 
water-collections. 

In  spring,  under  the  ice,  a  uniform  production  of  "  Closterium 
Lunula "  appeared  in  a  flat  dell  of  a  deep  clay-excavation ;  the 
same  in  a  permanently  watered  wash-tub,  set  into  the  ground  as  a 


Digitized  by  VjOOQIC 


BOTANY.  383 

garden  aquarium.  What  becomes  of  the  product  of  the  crosswise 
"  closterium "-copulation,  remains  yet  to  be  investigated. 

A  most  significant  wholesale  development  of  "baccillaria"  I  had 
occasion  to  examine  on  the  shaggy  oscillaria-coatings  of  the  St. 
Louis  lower  (old)  reservoir;  containing  a  supply  of  very  pure, 
strained  water,  derived  from  the  elevated  distributing  reservoir.  It 
abounds  with  fish,  and  the  only  moss-spawns  th^re  visible  ai*e  a 
brownish-green,  flaky  coating  of  its  stone  walls. 

On  inspection,  they  were  found  to  consist  of  rather  rigid  "  oscil- 
laria  ^  fibres,  flattened  out,  ruler-like,  and  engaged  in  process  of 
self-division  into  the  silica-coated,  shuttle-shaped  cells,  which  in 
this  sidewise  connection  are  classified  as  pseiido^ejms  '^Baccilla- 
ria,"  &o^  &c. 

Ck>ncerning  other  so-called  "  DiatomacesB,"  "  Desmidiacese,"  and 
"  PalmellacesB,"  Ac,  I  will  here  remark,  that,  among  the  compara- 
tively few  forms  usually  occurring  in  clayey  soils  and  ponds,  the 
(conjugately  bicordate,  brooch-like) 

is  perhaps  the  most  frequently  met  with.  The  aciculated  or  prickly 
•  globules,  called  "  Xanthidium  "  (and  resulting  from  the  observed 
copulation  of  cosmarium^  &c.,  cells)  I  have  not  yet  had  occasion  to 
observe  personally.  What  their  ulterior  development  is,  the  dis- 
coverers perhaps  did  not  think  it  requisite  to  investigate,  before 
classifying  them.  Of  this  "cosmarium,"  however,  a  great  many 
different  endochrome  evolutions  can  be  likewise  observed.  In  the 
first  place  it  seems  to  be  directly  formed,  e,g^  by  incidental  aqueous 
separation  of  the  primitive  bud-cells  of  conferva-pellets  (abv.),  and 
within  the  endochrome  of  "zygnema."  Some  of  them  have  a 
reticulated  interior,  liberating  a  set  of  green  or  mustard-seed-col- 
ored, globular  cells, — ulterior  fate  yet  to  be  explored,  —  while  the 
remaining  <<«^e-crcrfi/bn» .  intercellular  frame  is  often  found  re- 
lieved, exactly  in  the  shape  of  the  graceful  revolving  tablets,  re- 
sembling our  ornamental  tripods  for  flat-irons,  and  known  as 

Pedicutrum  GranukUum. 

Its  various  shapes  and  modes  of  self-reproduction,  by  segregation 
of  its  swallow-tailed  firustules,  are  figured  in  all  illustrated  hand- 
books.   As  to  its  first  origination,  that  from  "  cosmarium  botrytis** 
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is  not  improbable,  considering  the  prevalence  of  reticular  inter- 
cellular tissue-genesis,  generally  speaking. 
A  similar  and  most  interesting  form  is  the  one  called 

Gantum. 

A  tabulate  interrupted-work  consisting  of  sixteen  beads  —  or 
even  of  so  many  small  "  goniums ; "  four  in  a  square,  each  topped- 
offby  SL  patry  and  the  four  lateral  interstices  taken  up  by  as  many 
of  the  same  kind.  In  others,  the  beads  are  round-oval,  like  cblamy- 
doooccus,  each  provided  with  a  flagellum  twice  or  three  times  its 
own  length,  and  altogether  the  most  conspicuous  of  all.* 

Bracelet  Lynghya. 

In  some  cases,  the  entire  extent  of,  e.^.,  a  large  sink-hole,  or  of  a 
submerged  town-lot,  Ac,  can  be  found  unifonnly  filled  with  a  sin- 
gle stage  of  cell-productions.  I  have  thus  noticed  a  delicate  dark- 
green,  brittlish,  long-jointed  variety  ("  Lyngbya  "  ?  "  Calothrix  "  ?) 
of  "  oscillaria "  type ;  and  in  others  found  a  huge  production  of 
similar  ones,  each  fibril  rolled  up  in  the  shape  of  a  double  bracelet 
—  as  it  were  —  with  a  large  ellipsoidal  cell  at  one  extremity,  thus 
forming  the  brooch  of  the  bracelet  or  the  signet  of  a  ring. 

Innumerable  forms  of  cell-ingredients,  of  these  and  the  analogous 
and  homologous  germ-phases  of  thousands  of  true  species  of 
mosses,  remain  yet  to  be  traced  in  their  logical  connection  both  of 
substance  and  phenomena.  What  nobler  scientific  stimulus,  in- 
deed, could  be  offered  to  the  eager  lover  of  microscopic  investiga^ 
tions,  than  to  watch  all  these  developments  under  their  natural 
conditions ;  with  the  laudable  object  of  a  thorough  identification, 
and  expurgation  of  the  thousands  of  imaginary  ^species"  and 
faulty  "  genera  "  contained  in  our  repositories  ? 

*  The  following  1b  Ehrenberg's  description  of  this  his  —  "  18th  genos,  Gonium. 
Eyeless  and  tailless ;  a  simple  carapace ;  spontaneous  dirision  into  applanated 
square  polyparies.  72d  sp.  Goniwn  pectorcde.  Green  corpusdeSi  enclosed  (?) 
within  a  crystalline  carapace;  polyparies  ^ — ^  m.m.,  applanated,  square, 
formed  of  sixteen  animalcules  of  ^^  —  ^  m.m.  Habitat :  Copenhagen,  Mietau, 
Quedlinburg,  Dessau,  Berlin,  Linz,  Paris,  northern  coasts  of  France.  PectoraUna 
Hebraica."  It  is  erident  that  each  term,  if  not  purely  descriptire,  inyolyes  a 
subjectiye  theory ;  in  this  case  so  many  foregone  conclusions.  Eyes,  tails,  a 
carapace,  polyparies,  animalcules,  are  so  many  unsubstantiated  postulates,  a 
prion.  The  migority  of  these  creatures  are  evidently  addicted  to  European 
capitals. 
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3.  The  Organic  Identity  of  the  Albumen  anj)  Endopleuba 

OF    ALL    the    PhANBBOGAM^.       By  T.    C.  HiLGABD,  of   St. 

Louis,  Missoari. 

All  seeds  of  the  flowering  plants  (the  net-leaved,  blade-leaved 
and  the  pine  tribes)  are  collectively  described  as  consisting  of  a 
germ  or  "  embryo,"  enclosed  within  Vwo  reparole  seed-coats. 

A  great  many  seeds,  like  those  of  the  mustard,  nasturtium,  buck- 
eye, bladder-nut,  the  ailanthus,  sumach,  china-tree,  orange,  camel- 
lia; the  gum-pod  ("gumbo"),  hibiscus,  the  cocoa-bean,  almond, 
pea  and  rose  tribes,  the  brazil-nut,  walnut,  chestnut ;  the  cockle- 
bur,  sun-flower,  and  melon,  —  all  conform  to  this  description,  and 
the  natural  tribes  to  which  they  belong  form  a  connected  region  of 
the  flowering  plants,  generally  speaking. 

It  is  likewise  understood  that  a  great  many  seeds  have  their 
germ  proper  imbedded  in  a  bulky,  nutritive  lump  called  the  ^cUbu- 
men ; "  which  thus  forms  the  main  bulk  of  the  seed,  e.^.,  of  the 
ivory-nut,  the  date-kernel,  the  cocoa-nut,  the  pepper,  paw-paw,  and 
nutmeg,  and  all  the  grains  no  less  than  the  well-known  coflee-bean. 
In  water,  the  latter  will  swell  and  protrude  its  stubble-like  embryo 
out  of  one  end  of  its  horny,  enveloping  mass,  or  "  albumen'* 

It  has,  however,  hitherto  remained  an  unnoticed  fact  that  all 
seeds  which  have  two  so-called  seed-coats,  are  all  alike  destitiOe  of 
an  ^albumen;'"  and  that  all  ^qqA^ provided  with  an  albumen,  have 
only  on^  solitary  seed-coat^  aside  from  the  albumen  itself* 

In  many  other  seeds,  as  in  those  of  the  Osage  orange  (Madura) 
and  several  CactacesB,  Ac,  the  albumen  is  thinned  out,  in  some 
places,  into  a  so-called  "  endopleura"  or  interior  seed-coat,  while  in 
other  parts  of  the  seed  the  sheet  of  this  self-same  "  internal  seed- 
coi^t  '*  thickens  up  into  a  bulky  albumen,  conformably  to  the  con- 
flguration  of  the  germ  it  encloses  and  of  the  testa  which  contains 
both. 

An  inspection  of  the  irfimature  seed  of  all  the  so-called  ex^sAhU" 
minons  forms,  t.e.,  those  which,  like  the  pea-nut,  peach,  and  almond, 
are  destitute  of  an  albumen,  discloses  the  fisict,  that  in  this  juvenile 

*  The  testa,  or  exterior  seed-coat,  frequently  exhibits  a  diversified  structure 
of  external  and  internal  surfkces.    In  the  seed  of  the  magnolia,  that  of  the  grape, 
&c.,  the  exterior  surface  of  the  otherwise  bony  seed-coat,  which  encloses  th« 
albumen,  is  fleshy ;  as  is  the  entire  testa  of  the  blue  cohosh  (Caulophyllum). 
A.  A.  A.  8.   VOL.  XX.  49 
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condition,  all  these  seeds  have,  like  all  the  rest  (viz^  the  ^  albumi- 
nous seeds'^)  a  large  succulent  albumen-zone^  wherein  the  germ 
("  embryo  sac,"  Ac.)  is  developed,  at  the  expense  of  the  former. 
During  the  process  of  ripening,  in  all  the  nutty^  or  ''  es&-albumi- 
nous  "  seeds,  the  primitive  albumen  becomes  gradually  exhausted^ 
leaving  its  entire  cell-tissue  compressed  and  empty  behind,  as  the 
delicate  endopleura  or  internal  seed-coat.  In  all  the  other  seeds, 
on  the  contrary,  this  succulent  albumen-zone  remains  the  store- 
house for  the  germinating  seed  to  draw  its  substance  fVom.  In  the 
honey-locust  and  the  allied  coffee-nut  tree  (Gymnocladus)  in  ger- 
mination, the  flinty  albumen  dissolves  into  a  sort  of  gum,  like  gum* 
arable. 

In  point  of  fact,  the  "  endopleura  "  and  the  "  albumen  "  are  one 
identical  organ. 

This  evident  identity  of  the  original  albumen  and  subsequent 
second  seed-coat,  settles  at  once  the  old  and  perplexed  question 
about  the  erroneously  supposed  ^  gymnospermism^  whether  of 
LabiatsB,  or  of  ConifersB  and  their  allies,  the  Taxine®,  Gnetaceae, 
Casuarinse,  and  Cycadese. 

Since  we  now  know,  what  parts  all  seeds  consist  ofy  these  tribes 
are  by  no  means  to  be  considered  as  '^  abnormally "  or  even 
^  monstrously  "  organized  (as  a  prevalent  theory  still  holds),  but 
that,  e,g^  all  the  edible  pine^nuts  are  true  utricular  capsules^  and 
contain,  each,  a  complete  seed;  which  (like  the  mature  cocoa-nut 
kernel)  loosely  adheres  to  its  one-seeded  pistil,  as  is  the  case,  e.g^ 
with  all  grasses,  grains,  and  the  knot-weeds ;  their  true  ovules  being 
mostly  sessile  (as  in  the  entire  orders  of  Polygonaceaa  an^  Nycta- 
ginacese,  with  only  few  exceptions)  and  considerably  coherent 
with  the  true  pistil  (or  stigmatiferous  **  utricle";.  In  the  above- 
mentioned  coniferous  tribes,  these  one-seeded  pistils  are  provided 
with  a  pervious,  "  open "  stigma ;  a  case  correspondingly  repre- 
sented in  the  duck-weeds  (Lemnacese),  which,  however,  have  their 
seeds  borne  upon  2l  funiculus^  —  leaving  no  space  for  a  doubt. 

The  seed  itself,  of  ConifersB,  is  a  complete  one,  consisting  (1)  of 
a  germ ;  (2)  an  (oily)  albumen ;  and  (3)  one  thin,  brown,  membra- 
naceous seed-coat  (the  testa)^  readily  separating  from  the  utricle  or 
nut-shell  which  surrounds  it,  as  in  the  well-known  cases  of  the  pine- 
nuts  of  California,  Italy,  and  that  of  Switzerland  {Pinus  lembra). 

Thus,  it  is  clear  that  the  ^ine-scales  are  only  a  woody  cup  or  co&, 
of  indurated  "  saucers  "  or  involucres  (as  with  acorns)  that  arise  in 
the  axils  of  delicate  and  sometimes  colored  bracts.    Similar  involu- 
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oral  cups  we  find  in  the  harsh  cones  of  the  alder,  and  in  the  sterile 
aments  of  the  wild-hemp  tribe. 

The  wing-like  appendages  of  the  pine-nuts  represent  so  many 
palece  or  floral  chaff  (like  that  of  grains  and  bulrushes,  Ac). 

In  the  remarkable  case  of  Welwitschia,  the  "kettle-drum  pine" 
of  western  tropical  Africa,  no  such  indurated  scales,  but  only  the 
purpureous  bracts,  as  are  those  of  flowering  larch-trees,  are  devel- 
oped. The  true  perianth  —  as  acknowledged  on  Dr.  Hooker's 
plate,  viii.  —  is  here  a  delicate,  foliaceous,  two-winged  one,  epigy- 
nously  concrete  with  the  nut,  as  is  the  chaff  of  pines  and  two- 
seeded  capsules  of  Araucarise.  Nevertheless,  the  same  identical 
organ  is  erroneously  styled  "  a  pericarp  "  on  the  preceding  plates, 
by  a  lapsus  calami  of  the  same  author,  on  the  uncritical  bias  of  so- 
called  "  gymnospermism.*'  ♦  The  so-called  gynmosperms  all  have 
closed  pistils  !  —  with  an  open  stigma. 

It  is  thus  clear,  that  there  is  no  ^break^  in  the  vegetable  king- 
dom :  all  forms  uniting  into  a  complete,  connected,  and  harmonious 
system  of  mutual  typical  affinities  or  correlations,  to  be  discussed 
in  detail  in  a  subsequent  papeh 


*  The  untenable  theory,  here  referred  to,  considers  the  pine-«caZe  as  a  "  pistil ;" 
destitute,  however,  of  anj  of  the  distinctive  attributes  of  a  pistil ;  being  without  a 
suture,  without  a  stigma,  and  without  any  fructification  through  its  instrumen- 
tality. 

The  true  (one-seeded,  pluri-ouulate)  pistil,  or  "  utricle"  was  wrongly  regarded 
as  an  (abnormally  "  naked")  "  ovule  ;*'  with  an  abnormally  rostrate  ''exostome," 
viz.,  the  (open)  stigma!  Next  followed  (after  this  pseudo  "testa")  the  true 
seed-coat  under  the  denomination  of  an  "  endopleura," — and  an  "aUmmen  "  b&- 
sides,  containing  the  embryo. 

The  true  solitary  seed-coat  adhering  to  the  pistil,  the  shrunken  albumen  will 
often  be  found  lying  loose  inside. 

The  contended  fruit  of  the  well-known  yew-tree  contains  (1)  an  embryo,  im- 
bedded within  (2)  an  albumen,  which  is  surrounded  (3)  by  a  tawny  seed-coat. 
The  latter  loosely  adheres  (4)  to  a  thickish  capsule,  which  is  itself  (6)  covered  6y 
a  thick  caljfcine  layer!  —  in  the  exact  likeness  of  an  acorn,  a  hazelnut,  or  the  nut 
of  the  sweet  gale  (Myrica ;  the  wax-myrtle  or  bayberry),  which  indeed  seems  to 
reproduce  the  true  (epigynous)  structure  of  the  former  on  a  reduced  scale.  Among 
Compositae,  Polymnia  Uvedalia,  the  "nutted  leaf-cup,"  likewise  connects  with 
CupulifersB,  through  AmbrosiacesB  and  Cannabinse. 

The  cup  of  the  yew-tree  thus  remains  to  be  properly  interpreted  as  a  fleshy 
cup  wrapt  in  dry  scales,  like  those  of  the  acorn  and  wax-myrtle  on  the  one,  and 
the  succulent  Ehphorbiarinyolucres  on  the  other  hand,  combined  into  one. 
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4.  The   Moxocotylkdon,  thb   XTniyersal    Ttpb    of    Seeds. 
By  Thomas  Meehan,  of  Germantown,  Pennsylvania. 

It  mast  be  evident  to  the  readers  of  my  paper  at  the  Chicago 
Meeting  of  the  Association  on  ^Adnation  in  Coniferos^  that  the 
observations  there  detailed  could  scarcely  be  accounted  for  if  the 
belief  be  true,  which  is  generally  held  by  Botanists,  that  the  Uaf 
ariffinates  at  the  node  from  which  it  seems  to  spring.  It  is  not^ 
however,  an  object  with  me  to  attack  existing  theories  or  establish 
new  ones ;  but  umply  to  present  facts  as  I  see  them.  If  I  suggest 
a  meaning  to  the  facts,  it  is  to  excite  thought  in  others,  as  facts  are 
of  no  value,  unless  some  one  makes  use  of  them.  The  origin  of 
the  leaf  will,  no  doubt,  prove  a  question  which  will  in  time  take 
care  of  itself.  But  this  generalization  cannot  be  avoided  by  the 
readers  of  that  paper,  that  the  w^hole  plant  is  originally  an  unity, 
and  that  the  subsequent  formation  of  elementary  organs,  and  their 
complete  development,  or  absorption  into  one  another,  is  the  re- 
sult of  varying  phases  of  nutrition.  The  leaves  in  ConifercB  were 
found  to  be  free  or  united  with  the  stem,  in  proportion  to  the  vigor 
of  the  central  axis. 

Following  up  this  subject,  I  now  offer  some  facts  which  will  show 
that  all  seeds  are  primarily  monocotyledonous ;  and  that  division 
is  a  subsequent  act,  depending  on  circumstances  which  do  not  exist 
at  the  first  commencement  of  the  seed  growth. 

It  is  well  known  that  in  some  species  of  coniferous  plants  the 
number  of  cotyledons  varies.  I  have  noticed  in  addition  to  this, 
that  whether  the  cotyledons  4ire  few  or  many,  there  is  no  increase 
in  the  whole  cotyledonous  mass.  In  the  Norway  spruce,  Abies  ex- 
celsa^  there  are  sometimes  as  many  as  ten .  cotyledons,  at  others 
only  two.  In  the  latter  case  they  are  broad  and  ovate,  while  in 
the  former  they  are  narrow  and  hair-like.  In  short,  when  in  the 
two-leaved  state  it  is  not  possible  to  note  any  difference  between 
a  seedling  Norway  spruce  and  a  Chinese  arbor  vitaB,  J^iota  orient 
tcUiSy  except  by  the  lighter  shade  of  green.  The  two-leaved  con- 
dition is  not  common,  but  specimens  of  threes  and  others  I  ex- 
hibited to  Drs.  Torrey  and  Gray  at  the  Troy  meeting.  Any  one 
who  will  examine  sprouting  seeds  of  the  Norway  spruce  will  agree 
to  the  proposition  that  the  cotyledons  are  not  original  and  separate 
creations  ;  hvJt  a  divided  unity. 
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My  next  observations  were  on  some  acorns  of  Quercus  agrifoliOj 
The  division  into  cotyledons  was  numerous  and  irregular.  Cut 
across  vertically,  some  represented  the  letter  C  (with  the  left  side 
doubled),  others  the  letter  N  (inscribed  in  a  circle),  and  again  with 
four  cotyledons  the  .letter  M.  Here  again  it  was  clear  that,  however 
the  form  and  number  of  the  cotyledons,  there  was  no  increase  of 
the  oriffinal  cotyledon  mass. 

Examining  sprouting  peach  kernels,  the  variations  in  form  and 
number  were  of  the  most  remarkable  character,  I  need  not  re- 
peat them  in  detail  here,  as  they  are  reported  in  the  April  and 
May  Proceedings  of  the  Academy  of  Natural  Sciences  of  PhUa-^ 
ddphia.  In  addition  to  the  fact  of  no  increase  in  the  whole  coty- 
ledon mass,  it  was  here  clear  that  when  the  cotyledons  were  dupli- 
ccUed,  the  duplications  at  least  were  subsequent  to  the  original  ones. 

Still  so  far  nothing  had  been  seen  to  indicate  when  the  first  pair 
of  cotyledons  were  formed.  Quercus  macrocarpa  and  Quercus 
paiustris  were  silent  to  my  questions.  Of  a  large  number,  I  found 
no  variation  whatever.  Each  mass  was  divided  smoothly  and 
exactly  into  two  cotyledons. 

Quercus  robur^^  the  English  oak,  however,  gave  some  curious 
evidence.  Two  germs  were  numerous  under  one  seed  coat,  and 
often  three,  and  the  cotyledons  took  on  a  variety  of  forms.  But 
there  was  never  any  more  increase  in  the  cotyledonous  mass  than 
if  but  two  lobes  had  been  foimed,  and  there  was  no  more  rule  in 
the  division  than  there  would  be  in  the  sudden  breakage  of  a  piece 
of  glass.  A  detailed  account  of  these  will  also  be  found  in  the 
May  Proceedings  of  the  Academy  of  Natural  /Sciences  of  Phila^ 
delphia. 

Quercus  rubrOy  the  American  red  oak,  furnished  the  one  link 
wanting  to  connect  the  first  division  into  lobes  with  the  other 
phenomena.  All  the  acorns  examined  had  three  or  four  sutures 
on  the  cotyledon  mass,  and  extending  all  along  the  longitudinal 
surface  externally,  without  any  reference  to  cotyledonal  divisions. 
These  sutures  extended  sometimes  but  a  line  in  depth,  at  others 
almost  to  the  centre  of  the  mass,  —  always  accompanied  by  the 
inner  membrane,  as  is  the  case  in  ruminatpd  seeds.  The  whole 
mass  was  divided  only  in  two  parts  in  any  that  I  examined  of  this 
species,  but  the  division  was  always  in  the  direction  of  the  sutures. 
Hence  each  cotyledon  was  very  iiTogular.  Sometimes  one-third 
the  mass  only  went  to  one,  while  the  other  had  two-thirds  of  the 
whole  mass.    It  was  easier  to  burst  in  the  weakest  line  of  resist- 
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ance.  But  the  interest  for  ub  is  to  note  that  originally  the  cotyled- 
onous  mass  was  an  unit, — then  the  sutures  or  fissures  were 
formed ;  and  ultimately  the  two  divisions  of  the  lobes  followed  in 
their  direction.  The  division  was  the  last  condition^  —  not  the 
first. 

I  know  how  much  we  should  guard  against  generalizing  on  a 
limited  supply  of  facts ;  but  it  requires  an  efibrt  to  believe  that 
oaks,  pines,  and  peaches,  as  we  have  seen  primordially  monocoty- 
ledonouB,  are  in  this  respect  different  from  other  so-called  dicoty- 
ledonous plants. 

And  if  we  grant  that  all  seeds  are  primarily  monocotyledonous, 
may  we  not  ask  lohy  in  any  case  are  they  divided?  We  have  seen 
that  there  is  no  increase  of  mass  in  the  division :  the  same  amount 
is  furnished  in  one  as  in  many.  Would  it  in  any  way  injure  the 
Indian-corn  to  have  its  mass  divided  into  two  lobes  ?  or  would  not 
the  plantlet  be  as  well  provided  for  if  the  acorn  were  in  one  solid 
mass?  Division  would  seem  to  be  a  necessity  occurring  subsequent- 
ly to  organization,  and  existing  irom  the  position  of  the  plumule 
alone.  In  monocotyledons,  as  we  know  them,  the  plumule  is  di- 
rected parallel  to,  or  away  from,  the  cotyledonous  mass,  when,  of 
course,  on  this  theory  it  remains  an  undivided  mass.  But  in  the 
dicotyledonous  section,  the  plumule  is  directed  towards  the  apex 
of  the  mass ;  and,  as  we  know  in  the  case  of  roots  against  stone 
walls,  or  mushroomis  under  paving  stones,  the  disposition  in  the 
growing  force  of  plants  is  to  go  right  forward,  turning  neither  to 
the  right  nor  to  the  left,  so  in  this  mass  of  matter  the  develop- 
ment of  the  germ  would  make  easy  work  of  the  division,  and 
no  doubt  often  at  so  early  a  stage,  as  to  give  the  impression  we 
have  hitherto  been  under,  that  the  division  is  a  primary  and 
essential  process. 
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6.  Os  THB  Seemingly  One-bankbd  Leates  of  Baptisia 
Pebfoliata.  By  H.  W.  Rayenel,  of  Aiken,  S.  C. ;  with 
remarks  by  Asa  Gbay,  of  Cambridge,  Mass. 

AiKsir,  S.  C,  Maj  17, 1871. 
Pbofessob  Asa  6bay. 

My  dbab  Sjb,  —  I  have  been  lately  making  some  observations 
on  the  leaf  arrangement  of  Baptisia  perfoliatOy  to  which  I  wish  to 
call  your  attention.  In  a  foot-note  to  your  "Introduction  to 
Structural  and  Systematic  Botany,"  p.  134,  you  state:  "In  the 
course  of  the  summer,  the  leaves  of  Baptisia  perfoliata,  which  are 
really  five-ranked,  often  appear  to  be  monostichous  or  one-ranked ; 
but  this  is  owing  to  a  torsion  of  the  axis." 

From  an  examination  of  a  number  of  living  plants  in  the  woods, 
I  feel  satisfied  that  the  leaves  are  distichously  altemate^phyllo* 
taxis  i),  and  that  the  twisting  of  the  axis  is  alternately  from 
right  to  left  and  from  left  to  right,  the  torsion  taking  place  whilst 
the  leaves  are  unfolding;  and  that  this  torsion  is  owing  to  the 
shape  of  the  leaf  and  its  oblique  adnation  to  the  stem. 

The  reasons  for  this  opinion  I  will  now  procee4  to  state.  This 
species,  like  other  Baptisias,  has  spreading  branches.  The  branches 
are  not  much  subdivided,  but  frequently  continue  straight  for 
several  nodes.  They  point  indiscriminately  to  any  or  all  points 
of  the  compass,  but  the  leaves  are  all  arranged  (when  there  are 
several  continuous  intemodes)  in  one  rank  apparently;  sometimes 
presenting  one  face,  sometimes  the  other,  to  the  sun.  The  leaves 
are  obliquely  adnated  to  the  stem,  but  adjust  themselves  to  the 
angular  divergence  of  the  branches,  so  as  to  preserve  a  general 
vertical  position  with  the  earth.  A  full-grown  leaf  presents  an 
oval  outline,  concavo-convex,  obliquely  funnel  formed,  the  portion 
below  the  stem  being  about  one-quai*ter  the  length  of  the  blade ; 
the  back  (or  normally  under  side)  convex,  the  front  (or  upper 
side)  concave. 

The  alternate  torsion  of  each  intemode  in  opposite  directions 
can  be  traced  by  the  lines  of  coloring  in  the  stem,  but  is  more 
clearly  seen  by  stripping  a  portion  of  the  bark  downward  from  one 
leaf  to  the  other,  when  it  is  seen  to  wind  spirally  through  half  the 
diameter  of  the  stem,  firom  right  to  left  and  from  left  to  right, 
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alternately  through  the  extent  of  the  branch,  the  torsion  being 
pretty  uniform  through  the  entire  intemodal  spaces.  When  a 
branch  is  developed,  the  torsion  of  the  first  intemode  is  very  slight, 
as  there  is  less  angular  divergence  to  be  overcome  in  order  to 
adjust  its  leaf  to  a  vertical  position,  but  complete  torsion  takes 
place  in  the  next  internode,  and  so  continues  alternately  to  the 
extremity. 

At  the  ends  of  the  growing  shoots,  the  young  leaves  are  arranged 
alternately  in  praefoliation,  each  embryonic  leaf  folded  longitudi- 
nally, so  that  the  opposite  edges  are  brought  together  (condupli- 
cate). 

As  I  stood  over  these  plants  in  the  woods,  pencil  in  hand,  taking 
the  above  notes,  I  could  see  the  process  of  torsion  almost  going  on 
before  me  in  its  various  stages.  As  soon  as  the  young  leaf  is 
sufficiently  developed  to  unfold,  there  is  a  gradual  twisting  of  the 
soft  succulent  stem,  so  as  to  adjust  the  leaf  to  its  veitical  position. 
If  the  previous  spiral  was  from  right  to  leil,  the  next  is  in  the 
opposite  direction,  as  if  to  untwist  the  stem  and  restore  the  axis 
to  a  right  line. 

Now,  two  interesting  questions  are  suggested  ;  viz., — 

1st.  What  is  the  cause  of  this  alternate  torsion ;  and 

2d.  Whence  the  necessity  of  this  peculiarity,  for  the  well-being 
of  the  plant. 

The  leaves  of  this  species  are  remarkably  strong,  thick,  and 
leathery,  with  the  ribs  and  frame- work  ramifying  and  anastomosing 
in  all  possible  directions.  The  marginal  outline,  being  somewhat 
contracted,  produces  a  funnel-shape,  and  its  oblique  adnation  to 
the  stem  gives  it  a  firm  grasp.  When  therefore  the  young  leaf  is 
about  to  unfold  itself,  the  torsion  of  the  stem  is  caused  by  the 
effort  of  the  leaf,  clasping  the  stem  obliquely,  to  adjust  itself  in 
relation  to  the  light,  and  assume  a  vertical  position,  —  the  alter- 
nate twisting  from  one  side  to  the  other  being  the  most  natural 
mode,  or  rather  one  that  relieves  the  stem  of  a  continual  torsion 
through  its  entire  axis.  The  equilibrium  is  thus  restored,  each 
alternate  leaf  standing  in  its  proper  natural  position. 

Why  it  is  necessary  for  the  well-being  of  the  plant  that  the 
leaves  should  assume  this  vertical  position  will  probably  be  found 
in  a  microscopical  examination  of  the  two  surfaces,  which  for  want 
of  a  good  instrument  I  am  unable  to  verify.  It  will  probably  be 
found  like  the  compass-plant,  Silphium  lacciniatum,  to  have  the 
stomata  equally  distributed  over  the  two  surfaces.    Indeed  from 
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examination  with  the  naked  eye,  and  by  the  aid  of  an  ordinary 
pocket  lens,  I  wonld  infer  this  to  be  the  fact. ' 

Mr.  Bavenel's  observations  and  his  conjecture  are  both  correct. 
As  to  the  note  in  my  Structural  Botany,  I  must  have  taken  it  for 
granted,  without  proper  examination,  that  the  phyllotaxis  of  JSap- 
tisia  was  of  the  }  order,  because  it  is  so  in  most  or  many  com- 
mon LeguminosaB,  I  find  however  that  in  JS.  australiSy  leucan- 
thOj  and  cUbOy  and  even  in  A  perfoUatOy  —  being  all  the  species 
here  in  cultivation,  the  phyllotaxis  at  the  base  of  the  main  stem 
is  of  the  ^  order,  t^  the  fourth  leaf  vertically  over  the  first, 
unless  altered  by  a  twist  of  the  axis ;  but  that  after  the  first  or 
sometimes  the  second  cycle,  and  especially  on  the  branches,  the 
leaves  are  two-ranked.  In  this  respect  B.perfoliata  and  its  con- 
geners agree.  But  in  B.  perfolicUa  only  do  we  observe  the  curious 
torsion  of  each  intemode,  alternately  right  and  left,  as  shown  by 
Mr.  Bavenel,  which  brings  the  leaves  of  the  branch  apparently  into 
a  single  rank*  The  branches  being  horizontally  reclined,  the 
leaves  become  really  vertical  and  expose  the  two  surfaces  about 
equally  to  the  light.  And  on  microscopical  examination  of  the 
epidermis,  I  find,  as  is  conmion  in  analogous  cases,  and  as  Mr. 
Ravenel  suspected,  that  the  stomata  are  about  equally  numerous 
on  either  face.  Whether  the  leaves  assume^ the  vertical  position 
because  the  stomata  occupy  both  surfaces,  or  whether  the  stomata 
are  so  distributed  because  the  leaves  stand  edgewise  to  the  zenith, 
is  a  question.  The  simple  fact  is,  that  the  two  things  are  thus  cor- 
related, and  that  this  correlation  is  ordinarily  essential  to  the  well- 
being  of  the  plant.  But  I  may  remark  that  the  stomata  do  not 
manifestly  make  their  appearance  until  the  leaf  is  pretty  well 
developed.  And  that  the  present  species  is  peculiar  in  this  dis- 
tribution of  the  stomata.  The  leaves  of  the  other  species  which  I 
have  examined,  such  as  B,  lettcarUhOy  which  retain  their  horizontal 
position,  bear  stomata  only  on  the  lower  surface,  none  at  all  on  the 
upper. 


6.  On  the  Relation  of  the  Tendril  to  the  Phyllotaxis 
IN  certain  Cucurbit aceous  Plants.  By  H.  W,  Rav- 
enel, of  Aiken,  S.C. 

I  PROPOSE  in  the  following  paper  to  give  a  record  of  observa- 
tions made  on  the  leaf  arrangement  and  tendrils  of  certain  Cucurbi- 
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taceous  plants,  examined  this  season ;  —  not  ^o  much  as  presenting 
any  thing  decisive  on  a  difficult  subject  which  has  attracted  much 
attention  from  botanists,  but  simply  as  a  record  of  facts,  which, 
with  other  recorded  observations,  may  tend  to  elucidate  the 
matter. 

Of  the  forty-two  individual  plants  examined,  comprised  in  seven 
species  and  varieties  of  cucurbits,  I  have  found  some  characters 
constant  throughout,  whilst  others  are  irregular  and  governed  by 
no  apparent  law. 

The  leaf  arrangement  is  constantly  and  uniformly  5-ranked,  t.e., 
there  are  five  leaves  to  complete  the  cycle,  so  that  the  sixth  leaf 
stands  directly  over  the  first,  the  seventh  over  the  second,  &o^ 
and  the  ascending  spiral  of  leaves  forms  two  revolutions  round  the 
stem  to  complete  a  cycle;  that  is,  the  leaves  are  distributed  at 
regular  intervals  of  two-fifths  angular  divergence  around  the  stem. 
I  find,  however,  great  irregularity  in  the  direction  of  the  ascending 
spiral  of  leaves^  varying  in  individuals  of  the  saime  kind,  —  some 
with  spirals  ascending  from  right  to  left,  and  others  taking  the 
opposite  course.  Whatever  direction  the  spiral  takes  upon  any 
axis,  either  of  the  leading  shoots  or  of  laterals,  is  continued  con- 
stantly throughout  its  length ;  and  when  lateral  branches  arise, 
these  sometimes  continue  the  direction  of  the  previous  spiral,  but 
often  change  to  the  opposite  course. 

The  tendrils  are  uniformly  lateral,  on  the  same  node  and 
plane  with  the  leaves,  and  at  a  distance  corresponding  to  one-fifth 
of  the  circumference  of  the  stem ;  or,  in  other  words,  each  tendril 
occupies  a  point  midway  between  its  own  nodal  lea^  and  the  next 
leaf  above. 

The  tendril  is  also  constantly  on  that  side  of  its  leaf  which  points 
in  the  direction  the  ascending  spiral  takes ;  e.^.,  if  the  spiral  is 
from  left  to  right,  the  tendril  stands  on  right  of  leaf,  and  vice  versd. 
This  character  is  constant.  The  tendrils  vary,  therefore,  with  the 
leaf  arrangement,  and  al^^ays  indicate  the  direction  of  the  spirals. 

RiBCORD  OF  ObBSBYATIOKB  ICADB  IK  EABLT  FABT  OF  JUNB. 

Cucumber  (Cucumis  BatiYue).    PhyUotaxis  {. 

2  Tines  examined  —  Leading  shoots  with  spirals  from  Right  to  Left. 
4  „  „  '„  Left  to  Right. 

Li  the  lateral  branches  examined,  all  took  direction  opposite  to  leading 
shoots. 
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Gherkin  (CucnmiB  satiTUs  yar.)    PhjUotaxja  f . 

1  yine  — Leading  shoot  with  apirals  from  Left  to  Bight. 

In  the  laterals  there  was  irregularity ;  some  taking  one  direction,  and  some 
another. 

Early  Bush  Squash  (Cucnrhita  melo-pepo).    Phyllotaxis  f. 

8  Tines  ^  Leading  shoots  with  spirals  from  Right  to  Left. 
8      ,,  „  „  Left  to  Right. 

The  few  lateral  branches  hare  spirals  in  direction  opposite  to  those  of  leading 
shoots. 

Yokohama  Squash.  Phyllotaxis  {. 

2  Tines — Leading  shoots  with  spirals  from  Left  to  Right. 
2      „  „  „  „      Right  to  Left. 

Gourd  (Lagenaria  mlgaris).    Phyllotaxis  f . 

8  Tines  ^  Leading  shoots  with  spumls  from  Left  to  Right. 

Watermelon  (Cucnmis  dtrullus).    Phyllotaxis  f . 

9  Tines, — Leading  shoots  with  spirals  from  Right  to  Left. 
6      „  „  „  „     Left  to  Right 

Mango  (Sechium  edule).    Phyllotaxis  {. 

8  Tines,  —  Leading  shoots  with  spirals  from  Left  to  Right. 
Laterals  with  spirals  in  opposite  direction. 

Later  in  the  season  I  made  the  following  record : 
July  8,  —  Watermelon  (A). 

One  leading  shoot  with  spirals  from  Right  to  Left. 

10  Uteral  had  spirals  L.  to  R. 

11  „  „     R.toL, 
12,18              „  „     L.toR. 

(Then  foUow  4  nodes  branchless). 
14  lateral  had  spirals  L.  to  R. 


1,2 

laterals  had  spirals  R.  to  L. 

8 

„     L.  to  R. 

4,5,6 

„     R.  to  L. 

7,8,9 

„     L.  to  R. 

(Then  follow  8  nodes  branchless). 


Jnly  4,  ^  Watermelon  (A). 

Another  leading  shoot  with  spirals  from  Right  to  Left 

1,  2  laterals  with  spirals  L.  to  R. 

8,4  „  „     R.toL. 

(then  follow  8  nodes  branchless.) 


7.8 


lateral  with  spirals  R.  to  L. 
(2  nodes  branchless.) 

lateral  with  spirals  L.  to  R. 
(1  node  branchless.) 

laterals  with  spirals  L.  to  R. 
(2  nodes  branchless.) 


10 


lateral  with  spirals  L.  to  R. 
(2  nodes  branchless.) 

lateral  with  spirals  L.  to  R. 
(2  nodes  branchless.) 

11  lateral  with  spirals  L.  to  R. 
(8  nodes  branchless.) 

A  young  fruit  in  axil  of 

12  lateral  with  spirals  L.  to  R. 
(No  more  branches  to  end  of  shoot.) 
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July  4,—  IVatermdon  (B). 

Leading  shoot  with  Bpirals  from  Right  to  Left. 


1,2 

laterals  with  spirals  R.  to  L. 

18               lateral  with  spirals  L.  to  R. 

(1  node  branchless). 

19                   „                  „      R.toL. 

8,4 

laterals  with  spirals  L.  to  R. 

20                    „                  „      L.toR. 

6 

„      R.  to  L. 

21                    „                   „      R.  toL. 

6,7,8 

„      L.  to  R. 

22,  28,  24,  25  „                  .,      L.  to  R. 

9,10 

„      R.  to  L. 

26, 27              „                  „      L.  to  R. 

11, 12, 

„      L.  to  R. 

A  young  fruit  in  axil  of 

(2  nodes  branchless.) 

28               lateral  with  spirals  L.  to  R. 

18 

lateral  with  spirals  L.  to  R. 

29                   „              -    „      R.toL. 

14 

„                  „      R.  to  L. 

80, 81,  82       „                  »      L.  to  R. 

15,16 

„      L.  to  R. 

(1  node  branchless.) 

17 

„      R.  to  L. 

8a               lateral  with  spirals  L.  to  R. 

(1  node  branchless.) 

No  more  branches  to  end  of  shoot. 

Julys,— Gourrf  (A). 

Leading  shoot  with  spirals  from  Left  to  Right. 


1,  2  laterals  with  spirals  R.  to  L. 

(2  nodes  branchless.) 
8,  4  laterals  with  spirals  R.  to  L. 

(5  nodes  branchless.) 
5  lateral  with  spirals  R.  to  L. 

(1  node  branchless.) 


6  lateral  with  spirals  R.  to  L. 

(1  node  branchless.) 
7,  8,  9, 10  laterals  with  spirals  R.  to  L. 
11,12,13  „  „  R.toL.. 

No  more  branches  to  end  of  shoot. 


July5,— GoMixf  (B). 

Leading  shoot  with  spirals  frt>m  Left  to  Right. 

1  lateral  with  spirals  R.  to  L. 

(5  nodes  branchless.) 
2,  8  laterals  with  spirals  R.  to  L. 

(1  node  branchless.) 


10,  11        laterals  with  spirals  R.  to  L. 
No  more  branches  to  end  of  shoot. 


July  5,  —  SecfUum  edaU. 

One  leading  shoot  with  spirals  fh>m  Right  to  Left 

1  lateral  with  spirals  L.  to  R. 
(1  node  branchless.) 

2  lateral  with  spirals  L.  to  R. 
(1  node  branchless.) 

3  lateral  with  spirals  L.  to  R. 
(1  node  branchless.) 


4,  5,  6,  7   laterals  with  spirals  L.  to  R. 

8,9,10  „  „  L.toR. 

No  more  branches  to  end  of  shoot. 


Another  leading  shoot  on  same  Tine  Left  to  Right. 

First  four  nodes  branchless. 
1  lateral  with  spirals  R.  to  L 

(1  node  branchless.) 


2,  8,  4,  5    laterals  with  spirals  R.  to  L. 
No  more  branches  to  end  of  shoot. 
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July  6,  —  Gherkin, 

One  leading  shoot  with  spirals  from  Left  to  Right. 

1  lateral  with  spirals  from  R.  to  L. 
1  secondary  lateral  on  above  R.  to  L. 

2  lateral  with  spirals  from  R.  to  L. 
8  „  „  „     L.toR. 

1  secondary  lateral  onabore  R.  to  L. 

2,8,4,6,6,7    „  „     L.toR. 

4        lateral  with  spirals  from  L.  to  R. 


6.6 

laterals  with 

spirals  R.  to  L. 

7 

II 

„      L.  to  R. 

8 

II 

„     R.  to  L. 

9 

II 

„     L.  to  R. 

10,  ii; 

II 

„     R.  to  L. 

12,18,14,16    „ 

„     L.  to  R. 

Ko  more  branches  to  end  of  shool. 


An  analysis  of  the  above  record  shows  that  the  leaf  arrange- 
ment of  all  the  specimens  examined  was  on  the  }  plan;  that 
yines  of  the  same  kind  had  sometimes  the  spiral  ascending  from 
right  to  left,  and  sometimes  the  reverse,  but  in  whatever  direction 
it  commenced,  it  so  continued  to  the  end  of  the  shoot ;  that  the 
prirhary  laterals  sometimes  changed  the  direction  of  the  spiral 
from  that  of  the  leading  shoot,  and  at  other  times  continued  it ; 
that  the  secondary  laterals  exhibited  the  same  irregularity ;  that 
the  tendril  was  uniformly  at  that  side  of  its  leaf  which  indicated 
the  direction  of  the  ascending  spiral,  and  at  a  distance  of  one-fifth 
'angular  divergence,  or  at  a  point  midway  between  its  leaf  and  the 
next  leaf  above  in  the  ascending  spiral. 


IV.    ETHNOLOGY. 


1. 


Ok  a  Form  op  thb  Boomerang  in  use  among  the  Mogui- 
PuEBLO  Indians  of  Noeth  America.  By  C.  C.  Parry  of 
Washington,  D.  C. 


The  Boomerang  as  a  hand  projectile  in  common  use  among  the 
natives  of  Australia,  for  hunting  wild  animals,  and  as  a  weapon  of 
defence,  has  been  generally  regarded  as  peculiar  to  that  remote 
dbtrict. 

The  complicated  mathematical  principles  involved  in  the  move- 
ments of  this  projectile  have  been  made  subjects  of  special  investi- 
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gallon,  including  a  paper  presented  several  years  ago  before  this 
Association,  by  its  present  permanent  Secretary,  Professor  Joseph 
Levering. 

The  object  of  this  communication  is  to  call  attention  to  the  fact 
that  a  similar  weapon,  less  perfect  in  its  complicated  mechanical 
movements,  and  applied  to  similar  uses,  has  been  brought  to  light 
among  the  Mogui-Pueblo  Indians  of  Central  Arizona. 

By  the  kindness  of  Professor  Henry,  of  the  Smithsonian  Institu- 
tion,  I  have  obtained  the  privilege  of  making  known  the  facts  on 
this  subject,  and  exhibiting  before  the  Association  one  of  the  two 
specimens  now  deposited  in  the  museum  of  that  institution. 

This  singular  tribe  of  semi-civilized  Indians,  devoted  to  agricul- 
ture and  a  rude  style  of  mechanic  arts,  has  been  visited  at  different 
times  by  various  explorers;  the  first  authentic  accounts  being 
derived  from  the  celebrated  expedition  of  Coronado  in  1540. 
Owing  to  their  peculiar  location,  encompassed  by  deserts,  and  thus 
in  great  measure  cut  off  from  intercourse  with  other  tribes,  they 
have  maintained  their  singular  habits  and  modes  of  life  almost 
unchanged  during  the  historic  period.  In  fact  the  accounts  given 
of  this  tribe  by  the  historian  of  Coronado's  expedition,  over  three* 
hundred  years  ago,  would  apply  almost  verbatim  to  the  MoguU  of 
to-day. 

In  none  of  the  published  accounts  of  this  tribe  that  have  come 
under  my  notice  has  any  mention  been  made  of  the  use  of  any 
peculiar  weapon  corresponding  to  the  Australian  boomerang. 

In  1869,  Dr.  Edward  Palmer,  then  in  the  employ  of  the  Smith- 
sonian Institution  as  a  collector  of  ethnological  specimens  in  con- 
nection with  our  native  Indian  tribes,  accompanied  by  a  small 
military  escort  from  Fort  Defiance,  visited  the  Mogul  villages. 
Intent  on  noting  and  collecting  every  thing  relating  to  the  modes 
of  life  and  habits  of  this  singular  people,  his  attention  was  attracted 
one  evening,  during  their  stay,  by  an  order  given  out  according  to 
the  custom  of  the  tribe,  from  the  top  of  one  of  their  Ipfliest  dwell- 
ings, designating  a  certain  number  of  hunters  to  assemble  at  early 
dawn  the  next  day  for  a  concerted  rabbit  hunt.  It  seems  that 
these  animals  (whose  movements  somewhat  resemble  that  of  the 
Australian  kangaroo  in  their  sudden  leaps  and  dodging  motions) 
not  only  constitute  an  important  article  of  diet  to  the  inhabitants 
of  that  district,  but  also  on  account  of  their  prolific  nature,  and 
destructive  habits  in  connection  with  ordinary  crops,  require  to  be 
kept  within  reasonable  limits.    Hence  occasional  concerted  hunts 
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are  undertaken  for  the  double  object  of  procuring  animal  food, 
and  protecting  growing  crops.  In  accordance  with  this  appoint- 
ment, the  hunting  party  assembled  at  daylight,  all  being  more  or 
less  supplied  with  weapons  of  the  following  description  {specimen 
eochibited).  It  is  a  stick  of  hard  wood  flattened  on  both  sides  to  a 
thickness  of  one-half  inch,  having  an  average  width  of  two  inches, 
and  curved  near  the  middle  at  an  obtuse  angle  of  130°,  furnished 
at  one  end  with  a  handle.  This  was  thrown  by  a  direct  whirling 
motion,  aimed  at  the  legs  of  the  leaping  rabbits,  and  generaUy, 
whenever  the  object  was  fairly  presented,  proving  successful  in 
bringing  down  the  game  by  fracturing  their  legs. 

Th6  obvious  dijfference  between  this  and  the  corresponding 
Australian  weapon  consists  in  the  fact  that  the  latter,  by  a  varia- 
tion of  curves  on  one  of  its  faces,  gives  rise  to  those  complicated 
movements,  by  which  an  object  is  hit  by  aiming  at  a  nearly  op- 
posite direction;  thus,  taking  an  animal  by  surprise,  and  not 
affording  an  opportunity  for  dodging.  Thb  marked  difference  at 
once  suggests  the  inquiry,  whether  the  Mogul  boomerang  may  not 
represent  one  of  the  early  stages  in  the  development  of  the  more 
'complete  weapon,  which,  by  a  larger  and  longer  experience  among 
the  Australian  natives,  has  l>een  brought  to  a  perfection  not  yet 
attained  by  the  limited  tribe  of  Mogul  Indians. 

Accident,  and  perhaps  necessity,  may  have  first  determined  the 
use  of  a  crooked  instead  of  a  straight  stick  as  a  direct  projectile ; 
experience  would  eventually  fix  upon  a  more  definite  shape,  and  a 
certain  angle  most  suitable  for  the  purposes  desired ;  furthermore, 
a  rudely  formed  weapon,  which,  from  the  nature  of  the  material 
used  and  rough  workmanship,  would  almost  necessarily  give  rise 
to  a  variety  of  curves,  would,  as  a  result  of  experience,  develop  the 
curves  best  adapted  to  particular  movements,  and  eventually 
become  fixed  in  the  most  appropriate  shape  for  executing  the  com- 
plicated movements  desired. 

It  may  also  be  noted  in  this  connection,  that  the  material  of 
which  the  Mogul  boomerangs  are  made  does  not  grow  in  the  sec- 
tion of  country  they  inhabit,  but  has  to  be  procured  by  trade  with 
the  more  roving  Nevajo  Indians.  Hence  Dr.  Palmer  found  some 
difficulty  in  procuring  his  specimens  of  this  article  by  purchase,  on 
account  of  the  value  placed  on  them  by  their  possessors. 

In  early  historic  times,  when. theorizing  was  in  vogue  to  account 
for  the  supposed  Eastern  origin  of  th«  North-American  Indian 
tribes,  the  existence  of  the  boomerang  would  have  been  seized  on 


Digitized  by  VjOOQIC 


400  B,     NATURAL   HISTORY. 

at  once  as  an  indisputable  proof  of  the  original  derivation  of  the 
Mogui-Pueblo  Indians  from  Australia! 

Fortunately,  this  discovery  of  Dr.  Palmer  has  fallen  upon  times 
when  less  weight  is  given  to  isolated  facts,  and  we  are  content  to 
note  the  singular  coincidence  by  which  a  peculiar  style  of  weapon 
has  originated  independently,  to  meet  analogous  natural  wants,  at 
points  of  the  earth's  surface  almost  antipodal !  So  far  the  civilized 
uses  of  this  ethnological  curiosity  have  been  confined  to  abstruse 
mathematical  calculations  of  its  complicated  movements,  while  it 
furnishes  a  dangerous  plaything  for  mischievous  school-boys. 


2.  The  Great  Mound  on  the  Etowah  River,  Georgia.    By 
Charles  Whittleset,  of  Cleveland,  Ohio. 

Not  having  seen  a  detailed  description  of  this  mound,  I  made 
a  visit  to  it  in  behalf  of  the  Western  Reserve  Historical  Society, 
in  April,  1871,  on  the  suggestion  of  a  distinguished  officer  of  our 
Army.  It  stands  upon  the  north  bank  of  the  Etowah,  about  two 
miles  below  where  it  is  crossed  by  the  Chattanooga  and  Atlanta 
Railway,  near  Cartersville.  Its  form,  size,  and  elevation  are  singu- 
lar and  imposing.  It  occupies  the  easterly  point  or  angle  of  a  large 
and  luxuriant  river  bottom,  a  part  of  which  is  subject  to  inunda- 
tions. The  soil  is  a  deep,  rich,  black  loam,  covering  several  hun- 
dred acres,  which  has  been  cultivated  in  com  and  cotton,  since  the 
Cherokees  left  it  about  forty  years  since. 

I  was  compelled,  by  bad  weather,  to  make  the  survey  in  haste. 
The  bearings  were  taken  with  a  prismatic  compass,  the  distances 
were  measured  by  pacing,  and  the  elevations  obtained  with  a  pocket 
level.  They  are  therefore  subject  to  the  corrections  of  future  sur- 
veyors. Its  base  covers  a  space  of  about  three  acres,  and  stands 
at  a  level  of  twenty-three  feet  above  low  water  in  .the  river. 
In  great  floods  the  water  approaches  near  the  mound  on  the  west, 
but  has  not  been  known  to  reach  it.  The  body  of  the  mound  has 
an  irregular  figure,  as  the  plan  here  presented  shows.  It  is  longest 
on  the  meridian,  its  diameter  in  that  direction  being  about  270 
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feet.  On  the  top  is  a  nearly  level  area  of  about  an  aore,  the  aver- 
age height  of  which  is  50  feet  above  the  base.  A  broad  ramp 
winds  upwards  from  the  plain,  around  the  south  &ce  of  the  mound, 
to  the  area  on  the  top. 

lake  some  of  the  pyramids  of  Egypt,  it  has  two  smaller  ones  as 
tenders :  one  on  the  south,  C;  another  on  the  south-^ast,  B;  each 
about  100  feet  distant,  their  bases  nearly  square,  and  of  nearly 
equal  dimensions.  If  they  were  not  in  the  shadow  of  the  great 
mound  they  would  attract  attention,  for  their  size  and  regularity. 
The  ground  at  B  is  three  feet  higher  than  at  (7.  All  of  them  are 
truncated.  The  mound  G  is  not  a  perfectly  regular  figure,  but 
approaches  a  square,  with  one  side  broken  into  three  lines.  Its 
height  above  base  is  18  feet.  The  bearing  of  its  western  side  is 
north  10^  west,  and  the  length  on  this  side  on  the  ground  47  paces, 
having  been  somewhat  spread  out  by  ploughing  around  the  foot. 
On  the  east  is  a  ramp  with  a  slope  of  one  to  two  degrees  which 
allows  of  ready  ascent  by  persons  on  foot. 

The  slopes  of  all  the  moimds  are  very  steep  and  quite  perfect ; 
in  some  places  still  standing  at  an  angle  of  45^.  JS  is  a  regular  trun- 
cated pyramid,  with  a  square  base ;  about  106  feet  on  a  side,  the 
fiu^es  bearing  5^  west  of  the  meridian.  Its  elevation  Sa  22  feet. 
There  is  no  ram^  or  place  of  ascent  which  is  less  steep  than  the 
general  slopes. 

Towards  the  south-east  comer  of  the  surface  of  JS,  is  a  sunken 
place  as  though  a  vault  had  fallen  in. 

The  proprietor  has  managed  to  cultivate  the  summits  of  all  the 
mounds,  regarding  the  group  in  the  light  of  a  continual  injury  by 
the  loss  of  several  acres  of  ground.  Most  of  the  material  of  the 
mound  is  the  rich  black  mould  of  the  bottom  land,  with  occasional 
lumps  of  red  clay.  The  soil  on  their  sides  and  summits  produces 
eom,  cotton,  grass,  vines,  and  bushes  in  full  luxuriance.  The  pci- 
rimeter  of  the  base  of  the  great  mound  is  584  paces.  As  the 
ground  had  been  recently  ploughed  and  was  soaked  with  a  deluge 
of  rain,  a  pace  will  represent  little  more  than  two  feet.  I  give  the 
circumference  provisionally  at  370  yards.  The  area  on  the  top  is 
like  the  base,  oblong,  north  and  south ;  but  its  figure  is  more  regu- 
lar.   Its  perimeter  is  231  paces. 

From  the  centre  of  the  pyramid  (7,  a  line  on  the  m^netic 
meridian  passes  a  few  feet  to  the  west  of  the  centre  of  the  plat- 
form, on  the  summit  of  A»  Its  sides  .are  nowhere  washed  or 
gullied  by  rains.     Pnor  to  the  clearing  of  the  land,  large  trees 
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flonriBhed  on  the  top  and  on  the  slopes.  I  estimate  its  mass  to 
contain  117,000  cnbic  yards,  which  is  about  four-fifths  of  the 
British  earth  monument  on  the  field  of  Waterloo. 

At  the  base  the  ramp  is  fifty  feet  broad,  growing  narrower  as 
you  ascend.  It  curves  to  the  right,  and  reaches  the  area  on  the 
top  near  its  south-west  comer.  Twenty-five  years  since,  before  it 
was  injured  by  cultivation,  visitors  could  easily  ride  to  the  summit 
on  horseback,  along  the  ramp.  From  this  spot  the  view  of  the  rich 
valley  of  the  Etowah,  towards  the  west,  and  of  the  picturesque 
hills  which  border  it  on  either  side,  is  one  of  surpassing  beauty. 

About  300  yards  to  the  north  rises  the  second  terrace,  or  bottom 
of  the  valley,  composed  of  red  clay  and  gravel.  Near  the  foot  of 
it  are  the  remains  of  a  ditch,  enclosing  this  group  of  mounds  in  an 
arc  of  a  circle,  at  a  distance  of  about  200  yards.  The  western  end 
rests  on  the  river  below  the  mounds,  into  which  the  high  waters 
back  up  a  considerable  distance. 

It  has  been  principally  filled  up  by  cultivation.  The  owner  of 
the  premises  says  there  was  originally  an  embankment  along  the 
edge  of  the  ditch  on  the  side  of  the  p3rramids,  but  other  old  set- 
tlers say  there  was  none.  If  the  last  statement  is  correct,  a  part 
of  the  eatth  composing  the  mounds  can  be  accounted  for. 

Its  length  is  about  one-fourth  of  a  mile,  and  it  does  not  extend  to 
the  river  above  the  mounds.  Near  the  upper  end  are  two  oblong 
irregular  pits,  twelve  to  fifteen  feet  deep,  from  which  a  part  of  the 
earth  of  the  mounds  may  have  been  taken.  Their  largest  diameter 
varies  from  150  to  200  feet,  and  the  breadth  from  60  to  70.  The 
ditch  is  reputed  to  have  been  thirty  feet  wide,  and  ten  feet  deep. 
Two  hundred  yards  to  the  north-east  of  ^,  are  the  remains  of  two 
low  mounds  within  the  ditch,  and  near  the  large  pits.  Five  hun- 
dred yards  to  the  north-west,  on  the  edge  of  the  second  terrace,  is 
a  mound  which  is  yet  eight  feet  high,  although  it  has  been  indus- 
triously ploughed  over  more  than  thirty  years.  On  the  opposite 
side  of  the  river  one-fourth  of  a  mile  below,  and  on  the  same  side 
two  miles  below,  are  said  to  be  small  mounds. 

On  the  sunmiit  of  a  rocky  hill,  two  and  a  half  miles  north-west, 
which  overlooks  the  valley  of  the  Etowah  towards  Rome,  and  also 
the  hill  country  on  the  south,  is  an  enclosure  of  loose  unhewn 
stones,  known  as  the  "  Indian  Fort."  It  has  now  the  appearance 
of  a  heavy  stone  fence  which  has  fallen  down.  There  are  six  open- 
ings or  entrances,  having  a  breadth  of  ten  to  sixty  feet,  situated 
at  irregular  distances.    It  is  an  irregular  oval  figure  enclosing  the 
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rocky  sxumnit  of  the  bill,  the  largest  diameter  of  which  is  220 
paces,  and  the  shorter  200.  The  elevation  of  the  knob,  at  the 
centre,  is  fifty  feet  above  the  terrace  or  bench,  on  which  the  lines  of 
loose  stone  are  lying.  This  interior  space  is  principally  cleared  of 
loose  stone,  and  shows  bare  ledges  of  lime  rock,  in  horizontal  layers. 

The  hill  is  covered  with  an  open  growth  of  oaks.  There  is  noth- 
ing in  this  structure  suggestive  of  a  Fort^  except  its  elevated 
position,  which,  however,  is  by  no  means  inaccessible.  The  open- 
ings are  too  wide,  and  too  numerous,  to  warrant  the  idea  of  a 
defensive  work.  It  is  more  probable  that  it  was  the  scene  of 
imposing  public  processions  and  displays,  and  was  approached  by 
crowds  of  persons  from  all  sides  through  the  openings.  The  rude 
wall  or  line  of  stones  would  be  the  necessary  result  of  clearing  the 
ground  of  the  blocks  of  limestone  once  scattered  proftisely  over  the 
surface. 

Near  where  the  railway  from  Cartersville  to  Cedarville  crosses 
Pettit's  Creek,  at  the  base  of  the  limestone  bluff,  about  half  a  mile 
east  of  the  "  Fort,"  is  an  artificial  pile  of  small  stones,  which  was 
once  about  eighteen  feet  in  height.  It  is  now  very  much  injured 
by  persons  in  search  of  treasure  and  of  relics,  who  have  formed  a 
crater  at  the  centre  nearly  down  to  the  ground,  throwing  the 
stones  over  the  sides.  It  must  .have  been  a  regular  cone,  with 
smaller  heaps  attached  around  its  base,  which  was  irregular,  and 
about  160  feet  in  circumference.  This  mound  of  stones  does  not 
differ  from  those  raised  by  the  red  men  over  the  remains  of  their 
dead  chiefs. 

A  few  days  before  I  was  at  the  great  mound  A^  a  rude  stone 
^fiSgy  of  a  female  was  ploughed  out  near  its  base  on  the  north 
side.  It  is  quite  grotesque,  resembling  the  uncouth  carvings  in 
wood  of  the  Indians  of  the  north.  Its  height  is  fourteen  inches, 
its  weight  thirty-six  pounds;  and  the  material  is  the  limestone  of 
the  region. 

I  have  a  photograph  of  it,  viewed  on  three  sides,  and  expected  to 
^  have  had  a  copy  in  plaster,  for  exhibition  here,  but  it  has  not  been 
received.  On  the  hips  and  back  are  colored  zigzag  lines  of  white 
and  brown,  intended  for  ornament.  Some  years  since  a  male, 
probably  the  mate  to  it,  was  ploughed  out  near  the  same  place ;  also 
an  earthen  vase  and  other  pottery,  with  flint  discs.  The  first  found 
image  was  lost  or  destroyed,  and  the  other  soon  will  be.  In  style 
and  artistic  execution,  they  clearly  appear  to  be  the  work  of  the 
present  red  man,  and  exhibit  no  relation  to  the  mound-builders. 
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Mr.  Tumlin,  the  owner  of  the  premises,  and  Mr.  Sage  of  Carters- 
ville,  who  knew  the  country  while  the  Gherokees  were  in  possession 
of  it,  state  that  the  summit  of  the  great  pyramid  was  a  fortified 
village,  surrounded  by  pickets  of  wood  and  a  slight  embankment. 
This  parapet  is  still  visiblei  but  is,  at  least  in  part,  owing  to  the  fur- 
rows turned  outward  in  ploughing,  and,  until  recently,  the  stumps 
of  the  pickets  were  struck  by  the  plough.  Near  the  south-east 
comer  of  the  area,  on  the  top,  is  a  low  mound.  It  is  a  third  of  a 
mile,  at  the  nearest  point,  to  where  there  is  land  of  a  height  equal 
to  the  mound,  and  therefore  it  was  a'  place  easily  defended.  Al- 
though the  Gherokees  made  use  of  it  as  a  fort  against  the  Greeks, 
they  always  denied  having  any  knowledge  of  the  race  or  the  per- 
sons by  whom  the  mound  was  erected.  The  gentlemen  above 
named  questioned  them  repeatedly  on  this  point,  and  always 
received  the  same  answer.  If  it  had  been  desired  as  a  place  of 
defence  originally,  a  much  less  broad  and  gentle  road  to  the  sum- 
mit would  have  been  made. 

I  was  attracted  to  this  moxmd  and  its  surroundings  as  a  type  of 
the  flat-top  pyramids,  so  common  on  the  waters  of  the  Gulf  of 
Mexico,  which  have  been  by  some  archsdologists  attributed  to  the 
present  race  of  red  men.  In  Florida  and  in  Alabama,  the  early 
English  and  Spanish  travellers  fpund  Indian  Gaciques  with  their 
wigwams  on  Uie  top  of  such  moxmds,  around  which  were  the 
villages  of  their  tribe.  Instances  are  given  where  Indian  towns 
occupied  spaces  surrounded  by  ancient  embankments  of  earth,  both 
with  and  without  mounds.  But  I  know  of  no  instance  in  history 
or  books  of  travel, — whether  Spanish,  French,  or  English, —  where 
Indians  were  observed  erecting  mounds,  embankments,  or  forts  ofr 
earth,  like  those  of  the  mound-builders. 

Mr.  F.  F.  Haven,  long  distinguished  in  archieology,  as  the  Seo- 
retary  of  the  American  Antiquarian  Society  at  Worcester,  Mass., 
in  his  article  in  the  Smithsonian  Gontributions  for  1855,  has 
referred  to  a  supposed  instance  of  an  intrenched  fort  made  by  the 
Aurickarees,  in  a  bend  of  the  Missouri  Kiver,  above  Gouncil  Bluffa.  « 
The  description  of  this  fort,  by  Lewis  and  Glark,  does  not  give  it 
the  character  of  an  earthwork  with  ditches  for  defence.  It  was  a 
temporary  breastwork  of  logs  and  earth  and  stone,  hastily  thrown 
up,  such  as  are  common  in  Indian  warfare,  and  in  all  warfare. 

The  Indian  forts,  which  were  attacked  by  Ghamplain,  in  north 
eastern  New  York,  in  1609,  were  constructed  of  pickets  set  in  the 
ground,  strengthened  by  interlacing  branches  and  poles,  secured  by 
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bark  and  withes.  Daring  the  French  wars  with  the  Iroquois,  on 
the  waters  of  Lake  Ontario,  they  met  ydth  nothing  more  advanced 
than  these  light  stockades.  The  pickets  were  set  in  the  earth,  and 
a  low  bank  raised  against  them  from  both  sides,  to  give  them  a 
more  firm  support.  In  no  case  was  the  bank  or  ditch  relied  upon 
as  a  protection  of  those  within,  or  as  an  obstacle  to  those  without. 
They  were  of  a  profile  too  slight  for  this  purpose. 

The  north-western  Indians  have  been  questioned  in  numerous 
instances  as  to  the  authors  of  the  earthworks  of  the  West.  They 
universally  deny  having  any  knowledge  or  tradition  of  the  persons 
who  built  them ;  a  tradition  which  could  not  have  been  lost,  or  the 
art  of  making  them.  The  relics  which  are  found  in  the  mounds, 
in  connection  with  the  first  or  oldest  burials,  although  there  are 
resemblances,  differ  from  the  relics  of  the  red  men  in  almost  all 
particulars.  If  stone  axes  or  mauls  of  the  Indian  type  have  been 
found  in  the  mounds,  they  are  very  rare,  and  of  doubtfril  authen- 
ticity. The  modes  of  burial  by  the  mound-builders,  and  by  the 
recent  red  man,  are  wholly  different.  The  last-named  race  were 
not  miners  of  copper  or  copper-workers.  In  the  implements  of  the 
two  races  there  are  resemblances,  especially  in  those  which  are 
made  of  flint,  but  no  greater  than  in  those  of  the  ancient  races  in 
Europe,  where  no  connection  is  claimed. 


3.  Ancibkt  Rock  Inscriptions  in  Ohio.    By  Chablbb  Whit- 
tlesey, of  Cleveland,  Ohio. 

(Abstnct.) 

Several  diagrams  were  presented  to  the  section  representing 
rock  sculptures  in  Ohio,  that  are  presumed  to  be  ancient  and  to 
have  some  significance.  The  largest  is  a  tracing  made  by  Dr.  J. 
H.  Salisbury,  of  Cleveland,  with  the  assbtance  of  Mrs.  Salisbury, 
from  a  mural  face  of  conglomerate,  near  the  frunous  "Black  Hand" 
in  Licking  County,  O.  Once  there  was  a  space  of  ten  or  twelve 
feet  in  height,  by  fifty  or  sixty  feet  in  length,  covered  by  these 
inscriptions.  Most  of  them  have  been  obliterated  by  the  recent 
white  settlers. 


Digitized  by  VjOOQIC 


406  B.      NATITRAI.  HidTOBY. 

t 

In  1861,  Dr.  Salisbury  took  copies  from  a  space  about  eight  bj 
fifteen  feet,  by  laying  a  pi^ce  of  coarse  muslin  over  them,  and 
tracing  such  as  remain  uninjured,  life-size,  on  the  cloth.  In  this 
space  there  are  found  to  be  twenty-three  characters,  most  of  which 
are  the  arrow-head  or  bird-track  character.  These  are  all  cut  on 
the  edge  of  the  strata,  presenting  a  face  nearly  vertical,  but  a  little 
shelving  outward,  so  as  to  be  sheltered  by  the  weather. 

Another  copy  of  the  remnants  of  similar  inscriptions  was  taken 
by  Colonel  Whittlesey  and  Mr.  J.  B.  Comstock,  in  1869,  from  the 
**  Turkey  Foot  Rock,"  at  the  rapids  of  the  Maumee,  near  Perrys- 
burg.  These  are  on  a  block  of  limestone,  and  in  the  course  of  the 
twenty-five  past  years  have  been  nearly  destroyed  by  the  hand  of 
man.    What  is  left  was  taken  by  a  tracing  of  the  size  of  nature. 

On  the  surface  of  a  quarry  of  grindstone  grit  at  Independence, 
Cuyahoga  County,  Ohio,  a  large  inscribed  surface  was  uncovered 
in  1864.  Mr.  B.  Wood,  Deacon  Bicknell,  and  other  citizens  of 
Independence,  secured  a  block  about  six  feet  by  four,  and  built  it 
into  the  north  wall  of  a  stone  church  they  were  then  building. 
Colonel  Whittlesey  presented  a  reduced  sketch,  one-fourth  size  of 
nature,  taken  by  Dr.  Salisbury  and  Dr.  J.  M.  Lewis,  in  1869,  which 
was  made  perfect  by  the  assistance  of  a  photographer.  Some  of 
the  figures  sculptured  on  this  slab  are  cut  an  inch  to  an  inch  and  a 
half  in  the  rock,  and  they  were  covered  by  soil  a  foot  to  eighteen 
inches  in  thickness,  on  which  large  trees  were  growing. .  like  all 
of  the  others  they  were  made  by  a  sharp-pointed  tool  like  a  pick, 
but  as  yet  no  such  tool  has  been  found  among  the  relics  of  the 
mound-builders  or  of  the  Indians.  The  figures  are  very  curious. 
Among  them  is  something  like  a  trident,  or  fish-spear,  a  serpent,  a 
human  hand,  and  a  number  of  track-like  figures,  which  the  people 
call  buffalo-tracks,  but  Dr.  Salisbury  regards  as  a  closer  repre- 
sentation of  a  human  foot  covered  by  a  shoe-pack  or  moccasin. 
Another  figure  somewhat  resembles  the  section  of  a  bell  with  its 
clapper. 

Near  the  west  line  of  Belmont  County,  Ohio,  Mr.  James  W. 
Ward,  then  of  Cincinnati,  now  of  New  York,  in  1859,  took  a  sketch 
of  two  large  isolated  sandstone  rocks,  on  which  are  groups  of 
figures  similar  to  those  already  noticed.  Here  are  the  bird-track 
characters,  the  serpent,  the  moccasin  or  buf^lo-tracks,  and  some 
anomalous  figures.  These  are  plainly  cut,  with  a  pick,  into  the 
surface  of  the  rock,  which,  like  the  Independence  stone,  is  sub- 
stantially imperishable.    Here  we  have  also  the  representation  of 
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the  human  foot,  and  the  foot  of  a  bear.  Another  figure,  'which 
appears  to  be  the  foot  of  some  animal  with  four  clumpy  toes,  Pro- 
fessor Cope  thinks  may  be  the  foretrack  of  a  Menopome.  One 
peculiarity  of  these  sculptured  human  feet  is  a  monstrously  en- 
larged great-toe  joint,  Sven  greater  than  is  produced  by  the  modem 
process  of  shoe-pinching.  This  has  been  observed  in  other  ancient 
carvings  of  the  human  foot  upon  the  rocks  near  St.  Louis,  Mis- 
souri. These  feet  range  in  size  from  seven  to  fifteen  inches  in 
length.  Of  all  these  representations,  the  bear's  foot  is  closest  to 
nature.  The  bird-track,  so  called,  presents  six  varieties,  none  of 
which  are  anatomically  correct.  The  human  hand  is  more  perfect 
than  the  foot. 

Dr.  Salisbury  finds,  on  compaiison  of  these  symbolical  figures 
with  the  Oriental  sign-writing,  or  hieroglyphical  alphabets,  that 
there  are  many  characters  in  common.  Some  800  years  before 
Christ,  the  Chinese  had  a  bird-track  character  in  their  syllable 
alphabet.  The  serpent  is  a  symbol  so  common  among  the  early 
nations,  and  has  a  significance  so  various,  that  very  little  use  can 
be  made  of  it  in  the  comparison. 

These  inscriptions  differ  materially  firom  those  made  by  the 
modem  red  man.  He  is  unable  to  read  that  class  of  them  which 
appears  to  be  ancient. 

Lieutenant  Whipple  has  mentioned  in  the  ^  Government  Report 
on  the  Pacific  Railroad  Surveys,'^  an  instance  of  the  bird-track 
character  inscribed  upon  the  rocks  of  Arizona.  Professor  Kerr,  of 
North  Carolina,  states  that  he  has  noticed  similar  characters  cut 
in  the  rocks  of  one  of  the  passes  of  the  Black  Mountains,  at  the 
head  of  the  Tennessee  River. 

These  facts  indicate  wide-spread  universality  in  the  use  of  this 
style  of  inscription,  and  it  indicates  something  higtier  than  the 
present  symbolical,  or  picture  writing,  of  the  North  American 
Indians. 
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C.   PRACTICAL  SCIENCE. 


1.  Impbotxments  upon  Egoebtz's  Method  fob  Detsbmiv* 
jsa  Combined  Cabbok  in  Stebl.  By  Edwabd  R.  Tatlob, 
of  Cleveland,  Ohio. 

To  relieve  myself  from  the  thraldom  of  monotonous  routine 
work  that  would  otherwise  absorb  nearly  all  of  my  time,  the  follow- 
ing improvements  for  the  execution  of  Eggertz's  method  for  deter- 
mining carbon  in  steel  were  devised. 

A  balance  consisting  of  a  very  fine  thread  of  glass,  with  a  pan  in 
two  parts,  one  a  cup  and  one  a  cone,  serves  to  weigh  the  steeL 

A  horizontal  drill  with  a  glass  tube  to  form  a  hopper  makes  and 
conducts  the  drillings  of  steel,  as  they  are  made,  to  the  balance  pan, 
which  is  properly  supported  about  one-eighth  of  an  inch  above  a 
point  to  which  it  settles,  when  a  two-hundred-milligramme  weight 
is  placed  in  the  pan.  Being  thus  set,  a  sample  of  steel  is  placed  in 
the  drill  lathe,  the  drillmgs  as  before  mentioned  filling  into  the 
pan  below.  As  soon  as  two  hundred  milligrammes'  weight  is  in 
the  pan,  the  pointer  sinks  to  the  index,  when  the  drill  is  stopped. 
By  passing  a  tube  through  a  hole  in  the  balance  table,  the  lip  of 
the  tube  offering  a  support  for  the  balance  cup,  while  the  cone  is 
pressed  down  with  a  pair  of  tweezers,  the  drillings  at  once  £aM  into 
the  tube,  and  are  ready  for  treatment  with  acid. 

A  glass  funnel  is  made,  with  a  capillary  opening,  at  the  contracted 
lower  end.  This  is  fused  into  a  T  tube,  the  lateral  branch  of  which 
is  passed  through  the  window  of  the  laboratory  to  remove  the  fumes. 
A  rubber  nipple  is  placed  on  the  lower  end  of  the  T  tube,  into 
which  the  tube  containing  the  steel  is  inserted.  Three  cc  of 
nitric  acid  of  1.2  specific  gravity  are  now  drawn  into  the  fimnel 
tube,  and  fall  in  drops  upon  the  steel  below.  At  the  end  of  this 
action,  the  tube  is  transferred  to  a  bath  kept  at  the  temperature  of 
130°  C.  At  the  end  of  twenty  minutes  from  drawing  in  the  acid, 
the  operation  is  completed ;  the  whole  of  the  carbon  has  entered 
into  a  clear  yellow  solution,  which  has  a  depth  of  color  proportion- 
ate to  the  amount  of  combined  carbon  in  the  steel.  The  tubes 
are  cooled  down  to  a  normal  temperature,  and  compared  with  a 
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series  of  standard  colors,  when  it  is  easy  to  read  off  the  amount  of 
combined  carbon  in  a  given  sample  of  steel.  The  accuracy  and  ease 
of  execution  of  this  method  leave  little  to  be  desired ;  while  it  is  of 
great  value  in  ascertaining  the  amount  of  carbon  in  different 
specimens  of  steel,  or  the  regularity  of  its  difiusion  in  different 
parts  of  the  same  cast. 


2.    Ancient    Dentistry.     By  Ezra   Read,   of  Terre  Haute, 
Indiana. 

Among  other  arts  known  to  the  ancients  and  extensively  used 
was  that  of  dentistry. 

To  those  of  us  who  have  witnessed  the  growth  and  almost  the 
beginning  of  modem  dentistry, — for  its  present  perfection  has  been 
attained  within  the  last  forty  years, — it  seems  curious  that  it  is  but 
the  revival  of  an  art  which,  for  seventeen  hundred  years,  had  been 
buried  with  the  ruins  that  covered  up  the  intellectual  greatness  of 
the  world. 

Tully  and  Virgil,  Horace  and  Mecaenas,  and  the  Triumvi- 
rate Caesars,  may  have  enjoyed  the  preserving  and  improving 
effects  of  gold  filling  in  their  teeth,  ^r  Cascellius  (a  Roman  den- 
tist) extracted  and  repaired  them. 

Not  until  Hunter  and  Bichat  of  the  last  century  directed  atten- 
tion to  diseases  of  the  teeth  had  modem  civilization  demanded 
knowledge  upon  this  subject. 

Subsequently  to  this,  and  at  the  close  of  that  period  of  time,  the 
improvement  in  the  mechanical  department  of  dentistry  was  slow 
and  unsatisfactory,  and  so  beyond  the  first  third  of  the  present 
century,  when  it  was  quickened  into  rapid  growth  by  the  same 
mental  impulses  that  hurried  steam  to  machinery,  and  thought  to 
electricity. 

They  were  contemporaneous  in  their  swift  progress,  and  the  art 
of  dentistry  was  lifted  up  to  that  condition  in  which  it  had  existed 
nearly  five  hundred  years  before  the  birth  of  Christ,  when  gold 
was  used  to  fill  the  teeth,  and  gold  wire  to  bind  them  fast. 
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This  was  evidenoe  of  the  skill  the  ancients  had  attained  in  me- 
chanical dentistry  at  that  time,  as  well  as  the  knowledge  of 
metallurgy  required  in  the  preparation  of  the  materials  used. 

The  human  mind,  in  its  natural  order  of  progression  in  discovery, 
would  first  develop  those  things  most  necessary  for  physical 
existence ;  then,  those  necessary  for  comfort ;  and,  lastly,  those  re- 
quired to  gratify  the  taste,  to  adorn  the  person,  and  to  attract 
admiration.  In  accordance  with  this  law,  dentistry  would  be  de- 
veloped only  after  the  attainment  of  advanced  civilization.  At 
what  period  it  was  first  attempted,  in  what  manner  developed, 
and  what  other  materials  than  gold,  if  any,  were  used,  I  have  no 
means  of  certainly  knowing. 

The  first  reference,  by  any  authority  which  I  have  found,  recog- 
nized it  in  an  advanced  state  at  that  time,  and,  curious  enough,  it 
was  not  mentioned  then  because  it  was  a  new  art,  but  because  the 
sanctity  of  the  grave  appealed  to  the  merciful  protection  of  the  law 
against  violence  to  the  teeth  of  the  dead  which  were  filled,  or 
bound  with  gold;  for  the  wicked  were  tempted  then,  as  now,  with 
the  precious  metal. 

Afragment  of  the  tenth  of  the  twelve  Roman  tables,  which  were 
adopted  by  the  Senate,  the  Centuries,  and  the  CurisB  B.C.  453  years, 
relates  to  the  burial  of  the  dead,  and  provides  against  the  removal 
of  gold  from  the  teeth  in  the  following  language :  — 

**  (Mortuo)  nere  aurum  addito  cui  auro  dentes  vincti  essunt  ast  eum  cam  illo 
sepelire  urere  sine  fraude  esto." 

Let  no  gold  be  placed  upon  the.  dead ;  but  where  the  teeth  are  bound  with 
gold  it  is  to  be  buried  or  burned  with  the  body  without  injury. 

It  was  the  custom  of  the  Romans  to  remove  all  gold  ornaments 
from  the  dead  befoi-e  burial,  made  so  by  the  above  law. 

Herodotus,  who  wrote  450  years  b.c,  states  that  the  Egyptians 
were  skilful  physicians  fifteen  hundred  years  before  his  time,  and 
that  they  were  required  by  law  to  confine  themselves  to  the  prac- 
tice of  a  single  branch  of  the  art,  and  that  diseases  of  the  teeth 
were  one  of  those  practised  upon.  It  is  a  reasonable  inference, 
then,  that  they  extracted  and  repaired  the  teeth,  and  even  filled 
them,  when  decayed,  with  some  indestructible  substance,  because 
they  were  more  learned  than  other  nations,  and  greatly  more 
advanced  in  the  various  arts  and  sciences.  Whatever  knowledge 
they  had  was  transferred  to  Greece,  and  thence  to  Rome,  through 
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the  three  commissioners  sent  hejond  the  sea  into  Greece  to  collect 
such  notices  of  the  laws  and  constitutions  of  the  Grecian  States  as 
might  he  servicea^^le  to  the  Romans  in  the  reorganization  of  their 
own  laws. 

The  Decemvirs  availed  themselves  of  this  information  in  framing 
the  Twelve  Tables,  which  continued  for  hundreds  of  years  to  be  the 
foundation  of  the  Roman  laws. 

A  sophist,  of  Ionia,  is  said  to  have  rendered  valuable  assistance 
to  these  commissioners  in  explaining  to  them  the  arts,  laws,  and 
institutions  of  his  countrymen,  and  especially  of  the  Athenians, 
the  great  glory  of  the  Ionian  race. 

The  fragment  of  the  Twelve  Tables  relating  to  the  burial  of  the 
dead  affords  abundant  evidence  of  the  existence  and  perfection  of 
the  art  of  dentistry  at  the  time  of  their  adoption.  It  specified  the 
binding  together  of  the  teeth  with  gold,  and  then  provided  that 
such  gold  should  be  buried  or  burned  with  the  dead  body,  and  that 
no  violence  should  be  offered  by  attempting  to  remove  it.  It  was 
a  provision  against  the  violation  of  the  dead  for  the  sake  of  the 
gold  used  by  the  dentist  for  the  preservation  of  the  teeth.  But, 
added  to  this,  there  is  other  testimony  relating  to  this  subject, 
from  those  who  are  recognized  throughout  the  civilized  world  as 
standard  authorities  upon  matters  of  which  they  write. 

Four  hundred  years  before  the  birth  of  Christ,  Hippocrates  spoke 
of  joining  the  teeth  together  with  gold  wire  and  recommended  it 
in  fractures  of  the  jawbone,  or  where  the  teeth  were  loosened  by 
injury  or  disease:  "Dentes  inter  se  conjungere  oportet  —  atque 
hoc  maxime  auro.'^  It  is  proper  to  join  the  teeth  together,  and  this 
should  especially  be  done  with  gold. 

Before  that  time,  seven  teeth  were  found  in  a  Greek  tomb  united 
together  with  gold  wire. 

Celsus,  a  distinguished  Roman  physician,  who  wrote  in  the  first 
century,  recommended  that  the  decayed  part  of  the  teeth  should 
be  scraped,  or  filed  off:  '^  Dens  autem  scaber,  qua  parte  niger  est, 
radendus  est." 

The  hollow  part  was  also  cleaned  and  scraped. 

We  are  informed  by  the  Roman  poet,  Martial,  that  the  ladies  of 
Rome  increased  their  personal  attractions  with  artificial  teeth  made 
of  bone  or  ivory. 

"  Sic  dentate  sibi  videtar,  iBgle, 
Emptis  OBslbiu,  Indicoque  comu."  —  3Car.  Lib.  i.  £p.  72. 
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**  So  ^gle»  with  her  hought  and  Indian  bone, 
Maj  seem  to  have  a  sound  mouth  of  her  own." 

The  same  author,  in  bis  tenth  book  of  Epigraqis,  says: 

"  Ezlmit  aut  reficit  dentem  Cascellius  aegrum." 
"  Cascellius  extracts  or  repairs  the  aching  tooth." 

Here  we  have  the  Roman  dentist  Cascellius,  who  "eximit" 
extracts,  if  necessary,  or  "  reficit "  repairs  the  diseased  tooth,  just 
as  is  done  at  the  present  time. 

The  same  author,  in  an  epigram  addressed  to  tooth-powder, 
says: 

"  Quid  mecum  est  tibi  ?  me  puella  sumat  : 
Emptos  non  soleo  polire  dentes." 

"  What  hare  I  to  do  with  you  1  Let  the  fair  and  joung  use  me.  I  am  not 
accustomed  to  polish  false  teeth,"  llterallj,  6011^^  teeth. 

And  again,  this  author  mentions  teeth  which  were  bought : 

"  Thais  habet  nigros,  niyeos  Lecania  dentes. 
Quae  est  ratio  1    Emptos  hiec  habet,  ilia  suos  : 
Dentibus  atque  comis,  nee  te  pudet,  uteris  emptis." 

"  Thais  has  black  and  Lecania  Stoowj  white  teeth,  because  the  former  has  her 
own,  the  latter  false  teeth,  and  does  not  blush  to  wear  bought  teeth  and  hair." 

Lucian,  of  Samosata,  who  wrote  in  the  beginning  of  the  second 
century,  in  his  satire  upon  the  complete  orator  says : 

"  After  this  I  made  up  to  a  rich  old  dame  who,  in  spite  of  her  serentj  years, 
had  still  a  great  liking  to  handsome  young  people,  pretended  a  yiolent  passion 
for  her,  notwithstanding  she  had  only  four  teeth,  and  they  were  fastened  in  with 
gold  wire." —  Tooke's  translation  of  Lucian,  vol.  ii.,  p.  511. 

I  have  thus  presented  the  evidence  which  I  have  gathered  of 
the  existence  of  dentistry  dating,  authoritatively,  four  hundred  and 
fifty-three  years  before  the  birth  of  Christ,  and  extending  to  the 
end  of  the  first  century  of  the  Christian  era,  a  period  of  nearly 
five  hundred  and  fifty  years.  How  long  before,  and  how  long 
subsequently  to  those  periods  it  existed,  I  have  no  means  of  cer- 
tainly knowing.  Its  beginning  and  ending  could  not  have  been 
abrupt ;  for  it  is  an  art,  necessarily,  of  slow  growth,  and  was  probably 
extinguished  only  when  barbarism  crushed  out  the  arts  and  sciences 
of  Greece  and  Rome. 

I  have  proved  by  the  Twelve  Tables  that  dentistry  had  a  legal 
recognition  four  hundred  and  fifty-three  years  before  Christ. 
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I  have  proved  that  Hippocrates  recommended  the  use  of  gold 
wire  in  binding  together  loose  teeth  four  hundred  years  before 
Christ,  and  that  the  Roman  physician  Celsus  practised  the  art  in 
the  first  century. 

I  have  shown  that  it  was  an  art  familiar  to  the  great  writers  of 
Rome,  and  that  they  made  frequent  intelligent  allusions  to  it,  and 
that  the  ladies  preserved  their  charms  with  purchased  teeth  made 
from  ivory  and  bone. 

It  was  then,  as  now,  an  expensive  luxury,  and  the  word,  bought^ 
implied  that  it  was  artificial  and  that  the  dentist  required  pay  for 
his  material  and  skilled  labor. 

I  have  proved  by  Martial  that  the  dentist  Cascellius  extracted 
and  repaired  teeth,  and  by  the  same  author  that  tooth-powder  dis- 
dained to  be  applied  to  false  teeth. 

I  have  proved  by  Lucian  that  an  old  woman  of  his  time  had  but 
four  teeth,  and  that  they  were  held  in  by  gold  wire. 

This  proof  extends  over  a  period  of  neai-ly  six  hundred  years, 
and  is  conclusive  as  well  as  additional  evidence  of  the  advanced 
civilization  of  a  people  whose  arms  had  subjugated  and  whose  laws 
governed  from  the  Baltic  to  the  Nile,  and  from  the  Atlantic,  west 
to  the  Euphrates ;  a  government  which  Dionysius  of  Halicamassus 
declared  to  be  the  mistress  of  every  country  not  inaccessible  or 
uninhabited ;  that  every  sea  owned  her  power,  not  only  that  within 
Hercules'  Pillars,  but  also  the  whole  navigable  ocean ;  that  she  was 
the  first  and  the  only  State  recorded  in  history  that  ever  made  the 
east  and  west  the  boundaries  of  her  empire,  and  whose  senate  was 
worthy  the  appellation  of  an  assembly  of  kings. 

It  was  natural  enough  that  an  aggressive  people,  like  the 
Romans,  who  never  gave  back  or  away  a  single  foot  of  territory 
acquired  in  peace  or  in  war,  who  had  all  the  learning  of  the  Egyp- 
tians and  the  Grecians,  skilled  in  oratory  and  poetry  and  the 
sciences  and  useful  arts,  should  have  a  practical  knowledge  of 
dentistry  as  they  had  of  heating  their  houses  by  means  of  hollow 
tubes  curiously  laid  in  the  walls,  through  which  the  heat  was 
transmitted  simultaneously  to  every  part,  from  the  lowest  to  the 
highest  equally : 

"  Et  impressos  parietibns  tnbos,  per  quos  circumfanderetur  calor,  qui  ima 
Bimul  et  gumma  foveret  ©qualiter."  —  Seneca,  Epis.  xc. 

or  of   that  other   art,  short-hand  writing,  in  which  they  were 
especially  skilled : 
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**  Quid  Yerbonim  notas,  qniboB  quamris  dtata  ezcipitor  oratio  et  celeritatem 
lingme  manus  sequitor."  —  Seneca,  Epis.  zc 

**  Swift  though  the  words  the  pen  still  swifter  sped, 
The  hand  has  finished  ere  the  tongue  has  said." 

It  was  the  ^ai  ar^fuioav  of  Cicero  written  to  Atticus  concerning 
the  ten  legates. 

These  arts  would  naturally  enough  be  the  result  of  a  thousand 
years  of  civilization  and  national  progression,  and  it  has  seemed  to 
me,  from  historical  reference,  that  it  requires  about  that  period  of 
time  to  bring  to  nearness  of  perfection  human  knowledge  in  the 
arts  and  sciences. 

The  Egyptians  had  more  than  this,  the  Greeks  and  the  Romans 
had  more,  and  when  we  shall  have  added  six  hundred  years  to  the 
four  hundred  already  passed,  the  earth  and  the  seas  and  the 
heavens  will  have  given  to  science  their  full  treasures.  •  , 
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THE  INDIANAPOLIS  MEETING,  1871. 


HISTOBT  OF  THE  MEETING. 

Thb  Twentieth  Meeting  of  the  American  Association  for  the 
Advancement  of  Science  was  held  at  Indianapolis,  Indiana,  com- 
mencing on  Wednesday,  August  16,  and  continuing  to  Tuesday 
evening,  August  22. 

One  hundred  and  ninety-six  names  are  registered  in  the  book 
by  members  who  attended  this  meeting.  One  hundred  and  seventy- 
five  new  members  were  chosen,  of  whom  one  hundred  and  thirty- 
eight  have  already  signified  their  acceptance  by  paying  the 
entrance-fee  and  annual  assessment,  and,  when  practicable,  signing 
the  constitution.  One  hundred  and  seven  papers  were  presented, 
most  of  which  were  read,  and  some  of  them  discussed  at  length. 

The  general  sessions  of  the  Association  were  usually  held  in  the 
State  House,  where  the  sections  and  committees  also  found  ample 
accommodation.  Occasionally,  a  general  meeting  convened  in  the 
Academy  of  Music,  which  afforded  accommodation  for  a  larger 
audience. 

At  about  10  o'clock,  A.H.,  on  Wednesday,  the  members  were 
called  to  order  by  Dr.  T.  S.  Hunt,  the  retiring  president,  who  made 
a  few  appropriate  remarks,  and  then  proceeded  to  complete  the 
organization  of  the  meeting.  As  soon  as  the  additional  members 
of  the  Standing  Committee  had  been  chosen,  agreeably  to  the 
provision  in  the  constitution,  the  Association  adjourned,  to  meet  in 
sections,  section  B  remaining  in  the  hall  of  general  meeting,  viz., 
the  House  of  Representatives,  and  section  A  assembling  in  the 
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SeaatQ  Chamber.  After  the  sections  had  been  organized  by  the 
election  of  Chairman,  Secretary,  and  Sectional  Conunittee,  they 
proceeded  at  once  to  the  reading  of  papers. 

At  3  o'clock  in  the  afternoon,  the  formal  reception  of  the  Associ- 
ation by  the  Local  Committee  took  place  in  the  Academy  of 
Music.  Prayer  was  first  offered  by  the  Rev.  Dr.  B.  Franklin,  and 
then  Gk)vemor  Baker  welcomed  the  members  in  the  following 
address :  —  z 

Mb.  Pbesident,  Gentlemen,  Membebs  of  the  Amebican  As- 
sociation FOB  THE  Advancement  of  Science  :  — 

The  gentlemen  having  the  arrangements  in  charge,  though  not 
on  account  of  any  particular  personal  merit  in  myself  have  assigned 
me  the  pleasing  duty  of  extending  to  you  our  welcome  to  our 
State  and  to  its  capital  city.  I  assure  you,  gentlemen,  that  ever 
since  it  was  announced  to  our  people  that  the  Twentieth  Annual 
Meeting  of  the  American  Association  for  the  Advancement  of 
Science  would  be  held  in  Indianapolis,  they  have  looked  forward 
to  this  meeting  with  the  deepest  interest.  We  look  upon  you  as 
the  representatives  of  the  most  profound  thought  and  of  the  high- 
est culture  of  the  age  in  which  we  live.  As  such,  we  cordially 
welcome  you  here  to-day,  in  the  hope  that  your  stay  will  be 
pleasant  and  profitable  to  you,  as  we  know  that  it  will  be  to  us. 
In  these  few  words,  gentlemen,  I  bid  you  a  hearty  welcome. 

The  retiring  President,  T.  S.  Hunt,  responded  in  these  words :  — 
It  only  remains  for  me,  in  the  name  of  this  Association,  to  thank 
your  Excellency,  and,  through  you,  the  people  of  this  State,  for 
this  welcome,  and  to  say  to  you  and  to  the  gentlemen  here  present 
some  few  words  about  the  object  and  work  of  this  Association.  It 
is  now  about  thirty  years  since  a  few  American  naturalists  and 
geologists  formed  themselves  into  a  society  for  the  study  and 
advancement  of  science,  out  of  which  this  Association  has  since 
sprung.  They  met  year  afler  year,  until  the  plan  of  study  and 
scientific  inquiry  that  had  been  pursued  was  considered  too  con- 
tracted. They  then  organized  on  a  new  basis,  and  in  1851  — 
twenty  years  ago  —  the  President  of  the  American  Association  for 
the  Advancement  of  Science  proclaimed  its  first  meeting  at  Phila- 
delphia, —  a  meeting  at  which  I  was  present.  I  might  speak  to 
you  of  still  earlier  meetings  of  which  I  have  pleasant  reminiscences, 
not  altogether  unprofitable  to  recall  at  this  time.    In  the  year 
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1845,  a  band  of  men  gathered  at  New  Haven,  representing,  as  our 
Association  does  now,  the  best  scientific  thought  and  the  ablest 
scientific  investigators  in  the  United  States.  Very  few  of  them  do 
I  see  to-day ;  and  very  few  of  them  are  to-day  in  the  land  of  the 
living.  Four  of  the  brothers  Rogers  were  there,  only  two  of  whom 
are  now  living.  There  were  Silliman,  Rev.  Dr.  Hitchcock,  and  a 
host  of  others,  who,  for  the  most  part,  are  no  longer  with  us.  Still 
we  have  with  ns  to-day  some  few  representatives  of  that  early 
meeting;  while  we  have  still  more  of  the  first  meeting  of  the 
present  Association,  which  was  the  successor,  the  heir,  the  inheritor 
of  the  old  one.  We  have  with  us  Professor  Hall,  our  great  geolo- 
gist and  palflBontologist,  who  has  contributed  so  much,  not  only  to 
the  geology  and  palseontology  of  his  own  region,  the  State  of  New 
York,  which  he  has  made  his  own,  but  also  of  the  great  Valley  of 
the  Mississippi.  We  have  among  us  Professor  Henry,  whose  great 
discoveries  in  electro-magnetism  made  the  practical  use  of  the 
electric-telegraph  a  possibility.  We  have  here  also  our  great 
botanist,  who  will  to-morrow  take  the  chair  which  I  so  unworthily 
fill  to-day. 

Without  enumerating  other  names  illustrious  in  scientific  annals, 
I  may  allude  to  the  labors  of  scientific  investigators  in  the  West  in 
early  times.  Here  in  the  great  North-west,  which  to  us,  in  the  East, 
at  that  period  was  almost  terra  incognita^  were  to  be  found  great 
naturalists  who  brought  to  us  the  treasures  of  their  science  from  the 
far  Western  fields,  and  here  in  the  State  of  Indiana  was  to  be  found 
the  first  nursery  of  Western  science.  In  that  colony  at  New  Har- 
mony was  early  gathered  together  a  band  of  naturalists  who  have 
left  an  indelible  mark  upon  American  science.  Among  them  was 
William  McClure,  who  was  really  the  pioneer  of  American  geology, 
and  who  first  attempted  the  classification  of  the  rocks  lying  between 
the  Mississippi  and  the  Atlantic.  He  may  justly  be  claimed  as  the 
"  Father  of  American  Greology."  Among  those  associated  with  him 
were  the  brothers  Owen,  one  of  whom,  Richard  Owen,  we  have 
with  us  to-day,  the  venerable  representative  of  that  early  nucleus 
of  geologists  and  naturalists,  and  the  only  one  now  living  of  those 
men  who  once  made  New  Harmony  illustrious. 

The  field  of  investigation  that  is  open  before  the  Western  natu- 
ralist, is  in  many  respects  unlike  that  in  the  East.  As  we  come 
into  the  Mississippi  Valley,  our  rugged  and  barren  mountains  are 
exchanged  for  rich  and  fertile  valleys.  The  flora  of  this  great 
region  ofiers  something  entirely  distinct  from  that  of  our  Atlantic 
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seaboard.  Perhaps  nowhere  else  in  the  world  are  the  PalsBOzoio 
rocks,  with  their  characteristic  fossil  remains,  so  wonderfully  de- 
veloped as  in  the  limestone  of  the  Mississippi  Valley.  You  know 
how  rich  the  harvest  is  that  is  yielded  here  to  the  entomologist 
and  the  botanist.  It  is  to  this  great  valley  of  the  Mississippi,  so 
rich  in  all  the  elements  of  material  prosperity,  that  we  are  to  look 
in  years  to  come  for  investigators  to  arise,  who  shall  carry  their 
scientific  studies  westward  into  the  great  Rocky  Mountain  range, 
and  the  country  lying  between  it  and  the  western  seaboard. 

There  are  inducements  stronger  in  some  respects  to  scientific 
investigation  in  this  region  than  in  those  regions  which  lie  farther 
east.  In  the  mountains  to  the  west  of  us  we  have  great  mineral 
treasures,  —  treasures  which  will  richly  repay  the  careful  investigsv- 
tor  in  geology  and  mineralogy,  and  which  promise  a  far  greater 
and  richer  harvest  than  any  that  we  have  been  able  to  extract 
from  the  Apalachian  field.  I  look,  therefore,  to  this  great  Missis- 
sippi Valley  and  its  vast  treasures  as  being  a  great  material  power 
in  commerce  and  manufactures.  But  not  only  so:  I  also  look 
forward  to  see  here  great  schools  of  science,  where  not  only  the 
highest  theoretical  science  shall  be  taught,  but  where  also  we  shall 
have  a  living  science,  and  where  all  the  practical  truth  that 
chemistry  and  physics  have  taught  us,  shall  be  taught  and  ex- 
plained to  the  students  who  are  hereafter  to  explore  this  great 
West.  I  trust  that  before  I  leave  this  region  I  shall  have  still 
further  opportunities  to  see  what  is  being  done  and  what  is  pro- 
jected in  regard  to  scientific  education,  here  and  in  other  great 
centres  of  the  West.  I  could  wish  that  I  might  be  spared  to  come 
here  twenty-five  years  hence ;  in  that  event,  I  should  expect  to 
find  Indianapolis,  or  perhaps  some  rival  city  of  the  West,  a  centre 
where  letters,  art,  and  science  will  be  represedted  on  a  scale  upon 
which  they  are  nowhere  represented  in  our  country  to-day.  The 
great  natural  wealth  that  centres  in  this  region  must  eventually 
make  this  a  point  of  more  importance,  scientific  and  commercial, 
than  any  of  our  Eastern  seaboard  cities.  Indianapolis  may  well 
claim  to  become  one  of  those  great  centres.  I  am  happy  in  the 
reflection  that  we  have  many  eminent  naturalists  among  us  —  your 
own  Professor  Cox,  Owen,  and  others  —  who  are  gathered  together 
here  with  their  hands  full  of  rich  treasures  to  be  laid  before  us 
during  our  meeting;  and  in  this  we  have  an  earnest,  that  the 
scientific  traditions  of  the  State  of  Indiana  and  the  colony  at 
New  Harmony  are  not  forgotten. 
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Agaiii,  yonr  Ezoellency,  I  thank  you,  in  the  name  of  the  As- 
sociation, for  the  cordial  welcome  extended  to  as.  We  have 
already  seen  the  most  hospitable  disposition  on  the  part  of  your 
citizens,  and  I  am  confident  that,  before  we  close  oar  meeting,  we 
shall  have  other  and  warmer  reasons  to  thank  yon  for  year  kind- 
ness. 

At  the  conclasion  of  Dr.  Hunt's  speech  the  meeting  was  closed 
with  a  benediction  by  Rev.  Dr.*  Franklin, 

In  the  evening,  Dr.  T.  S.  Hant  delivered  his  address  as  retiring 
President.  At  its  close  he  said  that  his  daties  as  President  of  the 
last  meeting  were  finished,  and  he  would  introduce  Professor  Asa 
Gray,  who  was  to  succeed  him  as  President  of  the  Indiani^olis 
meeting. 

Professor  Gray  came  forward,  and,  after  expressing  the  pleasure 
he  had  experienced  in  listening  to  the  interesting  and  soond  ad- 
dress just  read  by  Professor  Hunt,  returned  thanks  for  the  honor 
conferred  upon  him  in  selecting  him  to  preside  over  the  Associa- 
tion. 

On  Friday  morning,  the  members  of  the  Association,  with  the 
ladies  in  their  company,  accompanied  by  many  ladies  and  gen- 
tlemen of  Indianapolis,  made  an  excursion  to  Terre  Haute,  visiting, 
on  their  way,  the  coal  mines  and  furnaces  in  the  vicinity  of  Brazil. 
At  this  prospective  Birmingham  of  the  West,  they  were  met  and 
sumptuously  entertained  by  the  citizens  of  Brazil,  the  ladies  of  the 
city  taking  a  conspicuous  part  in  the  hospitality  so  unexpectedly 
extended  to  the  Association. 

The  excursionists  assembled  in  Masonic  Hall,  where  the  follow- 
ing address  of  welcome  was  made  by  Rev.  S.  B.  Taggart,  of  the 
Presbyterian  Church :  — 

Mb.  Pbesidbnt,  and  Membebs  of  thb  Ambbican  Association 

FOB  THB  AdVANCBMBNT  OF   SciBKCB :  — 

On  behalf  of  the  citizens  of  Brazil,  it  is  my  gratefid  duty  to  say 
a  word  of  welcome  to  you,  our  guests,  to-day.  Most  sincerely  do 
we  thank  you  for  the  honor  conferred  on  us  by  this  visit.  We  can 
only  express  oar  satis&ction  at  seeing  the  &ces  of  so  many  repre- 
sentative men  firom  the  great  Universities,  and  other  centres  of 
learning  and  thought,  from  all  parts  of  the  Western  world. 

And  though  to*^ay  you  visit  one  of  the  smaller  and  obscurer 
towns  of  a  State  not  famous  for  its  devotion  to  learning,  yet  we,  as 
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a  people,  are  fiir  from  being  nnmterested  in  the  work  which  you 
pursue,  or  the  institutionB  which  you  represent. 

These  are  things  that  command  the  homage  of  all  men  every- 
where. In  all  labor  there  is  profit,  and  a  busy  life  is  a  noble  life ; 
but  how  grand  must  be  the  life  of  that  man  who  bows  his  head  to 
the  toil  of  extending  the  horizon  of  human  thought, — for  ever 
dwelling  as  a  frontiersman  on  the  boundary  of  the  unknown  1 

Gentlemen,  we  most  heartily  welcome  you  to  our  town,  to  oar 
homes,  to  our  hearthstones,  to  all  that  we  have  and  all  that  we 
can  do,  only  hoping  that,  in  the  records  of  this  your  annual  conven- 
tion, the  name  of  Brazil  will  stand  neither  last  nor  least. 

Again  we  bid  you  a  hearty  welcome. 

A  brief  but  hearty  response  was  returned  by  Professor  Gray  on 
behalf  of  the  Association,  and  the  guests,  who  were  seated  at  four 
long  tables  placed  lengthwise  of  the  hall,  and  occupying  all  the 
body  of  the  room,  proceeded  without  further  delay  to  partake  of 
the  ample  refreshments  set  before  them. 

At  Terre  Haute,  the  scientific  visitors  were  most  liberally  pro- 
vided for,  at  the  hotels  and  private  houses,  and  in  the  evening  they 
had  a  public  reception  in  the  Opera  House.  A  large  audience  had 
gathered  to  greet  the  strangers,  and  the  audience  was  called  to 
order  by  the  Attorney-General,  Bayless  W.  Hanna.  After  a  few 
appropriate  remarks,  he  introduced  Colonel  R.  W.  Thompson,  to 
whom  the  duty  had  been  assigned  of  extending  to  the  Association 
the  formal  welcome  of  the  city.  Colonel  Thompson  spoke  sub- 
stantially in  these  words :  — 

For  a  long  time  there  had  not  been  assigned  to  him  so  pleasant 
a  duty  as  that  of  extending  a  cordial  welcome  to  the  American 
Association  for  the  Advancement  of  Science.  In  doing  this  he 
spoke  for  our  entire,  commqnity-  He  welcomed  the  members  of 
the  Association  not  because  they  were  engaged  in  the  advance- 
ment of  science,  but  because  we  recognized  in  them  great  bene- 
factors. Such  men  as  you,  said  he,  have  conversed  with  all  the 
centuries  of  the  past  through  animal  and  fossil  life;  read  the 
heavens,  measured  the  distance  from  planet  to  planet,  gone  down 
into  the  waters  of  the  sea,  and  become  familiar  with  the  dwellers 
therein ;  seized  the  lightning,  and  so  tamed  it  that  it  speaks  both 
on  land  and  through  sea ;  and  have  worked  out  the  great  problem 
that  Columbus  conceived,  that  the  nearest  way  to  the  east  is  by 
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the  west.  To  our  countrymen  is  to  be  assigned  a  fair  share  of 
honor  for  these  great  results.  He  claimed  that  the  scientific  men 
of  the  United  States  had  done  more  than  those  of  any  nation  of 
the  world  to  popularize  science.  The  time  will  soon  come,  said  he, 
when  a  scientific  education  will  be  as  necessary  in  our  common 
schools  as  in  the  colleges.  In  conclusion  he  said :  ^  You  come 
among  us  strangers,  we  desire  to  make  yon  feel  at  home.  You 
may  not  see  that  magnificence  to  which  you  are  accustomed  in  the 
East,  but  we  claim  a  commendable  share  of  architectural  skilL" 

At  the  close  of  the  Coloners  address,  Professor  Asa  Gray,  Presi- 
dent of  the  Association,  responded  as  follows: — 

Accorded  such  a  reception  as  this  -*  after  all  that  we  have  seen, 
and  all  that  has  been  done  for  us,  gathered  in  this  truly  magnifi- 
cent edifice,  and  addressed  with  such  consummate  eloquence  and 
graphic  power,  what  can  this  Association  say ;  what  can  I  say  for 
it?  The  farther  west  we  go,  the  more  astonished  we  are.  But 
i^  for  the  moment  overcome  by  all  wehave  seen  and  heard,  and  are 
now  seeing,  we  are  ready  to  say,  like  a  noted  personage  of  olden 
time  when  similarly  astonished  by  what  was  shown  her,  that  there 
is  no  spirit  left  in  us ;  yet  the  heartiness  and  graciousness  of  your 
welcome  reassures  us,  makes  us  feel  at  home  with  you  at  once, 
makes  it  easy  for  me  to  say  in  plain  and  homely  words :  — 

We  thank  you  heartily :  we  take  real  pleasure  in  accepting  your 
proffered  hospitality.  We  have  enjoyed  ourselves  through  the 
day;  we  have  seen  much;  we  have  learned  something.  Some, 
like  myself  new  to  the  West,  had  a  great  deal  to  learn.  We 
have  explored  your  block-coal  region;  we  have  seen  what  your 
coal  will  do  with  iron  ore ;  and  we  foresee  the  increase  of  wealth, 
population,  and  all  the  prosperity  it  is  about  to  bring  you.  One 
of  our  number  wUl  soon  say  a  few  words  about  that.  We  have 
been  imperially  entertained  by  the  Brazilians.  We  have  been  re- 
freshed already  by  your  bounteous  hospitality.  And  now  we  re- 
member that  you  asked  us  to  come  down  and  do  here  some  of 
the  work  of  this  Association.  We  are  a  band  of  workmen.  We 
work  all  the  year  round,  and  when  we  come  together  we  find  a 
week  full  short  in  which  to  tell  each  other  what  each  has  gained 
by  scientific  labor,  how  each  has  improved  the  talent  intrusted 
to  him  by  our  common  Lord.  Now,  refreshed  by  your  hospitality, 
and  encouraged  by  your  sympathy,  we  propose  to  set  to  work. 

But  first  there  is  a  little  matter  in  the  internal  arrangement  of 
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this  society  of  which  I  must  inform  jovu    You  remember  how,  in 
regard  to  the  schoolmaster  of  Goldsmith's  village^ 

"  Still  the  wonder  grew, 
That  one  small  head  could  cany  all  he  knew." 

Oar  Association  early  made  the  discovery  that  one  head  cannot 
carry  all  it  knows.  At  least  the  ''one  small  head"  that  rests  upon 
my  shoalders,  and  is  made  unduly  conspicuous  to-day,  cannot  pre- 
tend to  carry,  still  less  to  tell,  all  that  the  Association  knpws,  nor 
all  that  it  has  learned  to-day.  So  the  Association  has  two  heads, 
a  retiring  President  and  an  incoming  President.  Now,  upon  all 
occasions,  and  more  especially  when  coal  and  iron  and  petroleum 
are  in  question,  the  person  who  now  addresses  you  is  the  more 
retiring  of  the  two.  Accordingly  he  now  introduces  to  you  the 
nominally  retiring  President,  Professor  T.  Sterry  Hunt. 

Professor  Hunt  spoke  substantially  as  follows :  — 

I  shall  content  myself  in  saying  a  few  words  which  may  be  of 
some  interest  to  the  people  of  Indianapolis,  Knightsville,  Brazil, 
this  city,  and  the  State.  I  shall  speak  more  particularly  of  the 
great  iron  interests,  and  more  especially  the  manufacture  of  Besse- 
mer steel.  For  several  years  my  attention  has  been  turned  to 
that.  I  have  watched  the  first  inception  of  the  manufacture  of 
steel  by  the  Bessemer  process  with  much  interest.  You  are,  per- 
haps, more  tributary  to  England  for  steel  than  any  thing  else. 

Many  railroad  men  of  this  country,  including  those  of  the  Penn- 
sylvania Central  and  the  New  York  roads,  are  seeing  the  impor- 
tance of  bringing  the  steel  i*ails  into  use  on  their  roads.  This  being 
the  case,  then,  it  is  of  the  highest  importance  that  we  have  some 
means  of  manufacturing  the  article  in  our  own  country.  This 
great  result  has  at  length  been  accomplished  by  the  discovery  of 
block  coal  in  Indiana.  Hitherto,  the  iron  ore  which  is  found  in 
this  country,  in  so  great  abundance,  along  the  banks  of  Lake  Supe- 
rior, in  Minnesota,  could  not  be  manufactured  into  steel  without 
using  charcoal,  which  was  too  expensive  to  come  into  general  use. 
This  obstacle,  however,  has  been  surmounted  by  the  discovery  of 
block  coal  between  Indianapolis  and  your  own  beautiful  city,  and 
I  do  not  know  any  reason  why  steel  rails  may  not  be  manufactured 
in  this  city  by  the  Bessemer  process,  in  addition  to  her  msmy  other 
advantages,  among  which  I  may  include  what  I  heard  at  Indian- 
apolis, and  have  realized  here,  that  you  have  at  last  struck  oil. 
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From  the  very  first  discorery  of  petroleum  in  this  coimtry,  I 
have  been  interested  in  its  history,  in  Pennsylvania  and  Ohio,  along 
the  north  shore  of  Lake  Erie  in  Canada,  Chicago,  and  other  places. 
I  believe  that,  in  four  square  miles  under  the  city  of  Chicago, 
is  contained  as  much  oil  as  the  wells  of  Pennsylvania  have 
yielded  up  to  this  time.  Professor  Cox  tells  me  that  this  oil- 
bearing  limestone  is  found  here  in  vast  quantities.  The  forma- 
tion here  is  such  that  the  probabilities  are  that  your  city  may  pros- 
per and  be  enriched  by  bringing  it  to  the  surface,  while,  from  the 
peculiar  formation  or  location  of  the  strata  underlying  Chicago,  it 
can  never  be  brought  to  the  surface  and  used  to  enrich  the  dwell- 
ers therein.  May  your  own  fair  and  beautiful  city  ever  be  pros- 
perous in  all  her  interests. 

At  the  close  of  the  retiring  President's  address,  Professor  Gray 
said:  — 

You  now  see,  ladies  and  gentlemen,  the  advantage  of  our 
arrangement,  and  experience  the  truth  of  the  homely  adage  that 
**  two  heads  are  better  than  one."  This  is  one  of  our  merits ;  let 
us  now  take  an  opposite  point  of  view.  We  have  one  notable 
Vice.    The  poet  says :  — 

"  Vioe  to  be  hated  needs  but  to  be  seen." 
But  we  glory  in  our  Vice,  and  confidently  say  of  him  that 

"  To  be  loved  he  needs  but  to  be  seen." 
I  introduce  our  Vice-President,  Professor  Barker. 

Professor  Barker  remarked :  — 

I,  of  course,  am  impressed,  wonderfully  impressed,  more  than  I 
can  express,  with  this  little  city  of  Terre  Haute.  I  say  Uttle,  and 
yet  how  large  it  is!  — little  in  size,  in  population,  when  compared 
to  some  of  our  larger  Eastern  cities,  large  in  its  heart,  in  SBsthetic 
culture,  large  in  every  thing  that  goes  to  make  a  city  dear  to  those 
who  have  been  there.  We  are  surprised,  gentlemen  of  the  Com- 
mittee, and  citizens  of  Terre  Haute,  at  this  grand  reception.  We 
arjB  surprised  at  what  we  see  upon  your  streets.  I  really  thought, 
as  I  came  to  this  hall  to-night,  that  I  was  ^  walking  down  Broad- 
way," if  you  will  allow  the  comparison. 

Your  city  may  some  day  become  the  great  New  York  of  the 
West,  as  New  York  is  characterized  the  Chicago  of  the  East.    It 
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Borprises  me,  and  if  you  will  allow  me  an  allusion  to  a  source  which 
our  worthy  President  has  chosen  to  draw  upon,  I  will  say  ^eye 
hath  not  seen,  ear  hath  not  heard,  nor  hath  it  entered  into  the 
heart  of  man  "  what  the  citizens  of  Terre  Haute  had  prepared  for 
the  entertainment  of  the  Association  for  the  Advancement  of 
Science. 

After  the  mutual  congratulations  were  finished,  Mr.  B.  Water- 
house  Hawkins  delivered  a  popular  lecture  ^OnPterosauria  or  the 
Flying  Lizard,"  with  felicitous  illustrations  upon  the  blackboard. 

On  Saturday  morning  a  general  session  was  held  in  the  Opera 
House,  and  President  Gray  delivered  a  lectur^  ^  On  the  Fertiliza- 
tion of  Plants  by  Insects."  In  the  afternoon  the  members  returned 
to  Indianapolis. 

In  order  to  make  good  the  lai^  amount  of  time  required  for  this 
long  excursion,  evening  sessions  were  held  by  the  sections,  in  ad- 
dition to  those  of  the  forenoon  and  afternoon.  On  Saturday  even- 
ing, Professor  E.  S.  Morse  delivered  a  lecture  in  the  Academy  of 
Music  '^  On  the  Animals  of  Indiana,"  and  T.  S.  Hunt  spoke  at  the 
same  place  on  Monday  evening  upon  the  '^  Iron  Interests  of  In- 
diana." 

The  Association  voted  to  hold  its  next  meeting  at  San  Fran- 
cisco, Cal.  (if  economical  arrangements  could  be  made  for  trans- 
portation and  hotel  accommodations),  beginning  on  Monday, 
August  5, 1872 ;  otherwise  at  Dubuque,  Iowa,  beginning  Wednes- 
day, August  21.  The  officers  elected  for  the  next  meeting  are:  — 
.  Prof.  J.  Lawbbnce  Smith,  of  Louisville,  Ey.,  President ;  Prof. 
Albxanbbb  Wn^CHBLL,  of  Ann  Arbor,  Mich.,  Vice^PresiderU ; 
Prof  Edward  S.  Mobsb,  of  Salem,  Mass.,  General  Secretary  / 
W.  S.  Vaux,  Esq.,  of  Philadelphia,  IVectsurer.  Prof  Jossph 
LovBRDTG,  of  Cambridge,  was  elected  Permanent  Secretary  for 
another  term  of  two  years,  commencing  with  the  next  meeting. 


Digitized  by 


Google 


BESOLUTIOVB    ADOPTED.  431 


KES0LUTI0N8    ADOPTED. 

Offered  by  Professor  Alexander  Winchell. 

Resolved^  That  a  committee  of  five  be  appointed,  to  report  at 
the  next  meeting  of  the  Association,  on  the  best  methods  of  organ- 
izing and  conducting  State  geological  surveys,  and  making  publi- 
cation of  the  results. 

Offered  by  Professor  T.  S.  Hunt. 

JResolvedj  That  the  important  changes  going  on  in  the  surface- 
geology  of  Niagara  Palls  are  such  that  it  is- highly  desirable  that  a 
re-survey  of  the  Falls  should  be  made,  the  old  monuments  re- 
stored, new  ones  erected,  and  large  photographs  of  the  locality 
taken;  and,  further,  that  in  pursuance  of  this  plan  the  Legislature 
of  New  York  be  memorialized  to  order  such  a  survey  to  be  made. 

Offered  by  Professor  James  Hall. 

WherecUj  This  Association  has  learned  with  regret  that  the 
greater  part  of  the  geological  explorations  and  surveys  made  in 
Missouri  by  Professor  6.  C.  Swallow  and  his  assistants  remains 
unpublished;  and, 

Whereas,  From  the  general  exposition  of  the  results  made  by 
Professor  Swallow,  this  Association  is  convinced  of  the  great  value 
of  the  work,  which  should  be  published  as  soon  as  practicable ; 
therefore,  be  it 

JReaolved,  That  the  President  appoint  a  committee  to  memorialize 
the  Legislature  of  Missouri  on  the  subject,  recommending  that 
means 'be  provided  for  the  speedy  publication  of  the  results,  under 
the  superintendence  of  Professor  Swallow,  who  had  charge  of  the 
work,  and  who,  being  conversant  with  its  details,  is  especially  fitted 
to  elaborate  the  results. 
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VOTEfS  OF  THANKS. 

JResolvedy  That  we  tender  our  hearty  thanks  to  those  citizens  of 
Indianapolis  who  have  extended  the  hospitalities  of  their  homes  to 
the  members  of  this  Association  daring  the  present  meeting,  and 
to  the  proprietors  of  the  "Daily  Journal  **  for  the  proffer  of  a  social 
entertsdnment. 

Beaolved^  That  the  thanks  of  this  Association  be  tendered  to  the 
Governor  and  State  officers  of  Indiana,  for  granting  to  this  Associi^ 
tion  the  use  of  the  State  House  for  this  meeting,  and  to  the  author- 
ities of  the  city  of  Indianapolis,  for  the  generous  aid  given  by  them 
toward  defraying  the  expenses  of  the  meeting. 

Heaolvedf  That  the  cordial  thanks  of  the  Association  be  tendered 
to  Professor  E.  T.  Cox,  for  his  exertions  in  making  arrangements 
for  this  meeting,  which  have  been  so  successful  as  to  leave  nothing 
to  be  desired. 

Beaolved^  That  we  tender  the  hearty  thanks  of  the  Association 
to  the  officers  of  the  Terre  Haute,  Vandalia,  and  St.  Louis  Railroad, 
for  their  generosity  in  placing  a  special  train  at  the  disposal  of  the 
Association  during  their  visit  to  Terre  Haute. 

Heaohedy  That  the  thanks  of  the  Association  be  presented  to  the 
citizens  of  Terre  Haute,  and  particularly  to  their  efficient  com- 
mittee of  arrangements,  for  their  cordial  reception  and  liberal  hos- 
pitality during  their  late  excursion;  also  to  those  residents  of 
Knightsville  and  Brazil  who  so  bountifully  provided  for  the  wants 
of  the  members,  while  en  route, 

JReaolvedy  That  the  thanks  of  this  Association  are  most  cordially 
tendered  to  the  officers  of  the  Indianapolis,  Peru,  and  Chicago  Rail- 
way, and  the  Michigan  Central  Railroad  Companies,  for  their  ap- 
preciation of  the  objects  of  the  Association,  as  evinced  by  their 
placing  a  special  train  at  the  disposition  of  a  portion  of  the  mem- 
bers in  coming  to  this  meeting. 

Also,  to  Captain  E.  Bennett,  United  States  Engineer,  Michigan 
City,  for  his  kind  attentions  to  the  members  there ;  and  to  the  citi- 
zens of  Michigan  City  and  Eokomo  for  their  cordial  attentions  to 
the  members  on  their  journey  to  this  city. 
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Hesolved^  That  the  thanks  of  this  Association  be  tendered  to  the 
Jeffersonville,  Madison,  and  Indianapolis  Railroad  Company  for 
their  generous  offer  of  free  transportation  over  their  road  to  all  its 
members ;  to  the  New  Albany  Society  of  Natural  History  for  their 
kind  invitation  to  visit  them,  and  to  the  citizens  of  New  Albany 
for  the  proffer  of  their  open-hearted  hospitality. 

Hesolvedi  That  the  thanks  of  the  American  Association  for  the 
Advancement  of  Science  be  tendered  to  the  officers  of  the  Louis- 
Tille  and  Nashville  Railroad  for  their  generous  liberality  in  trans- 
porting our  members  to  Mammoth  Cave,  and  also  to  the  proprietors 
of  the  hotels  at  Cave  City  and  Mammoth  Cave  for  their  kindness  in 
reducing  the  expenses  of  members  claiming  their  hospitality. 

jReaolvedy  That  the  thanks  of  this  Association  be  given  to  the 
newspaper  press,  and  to  its  reporters  and  correspondents,  for  the 
interest  shown  in  our  scientific  labors  and  for  the  publication  of  our 
sayings  and  doings. 

Hesolved^  That  the  thanks  of  the  Association  be  given  to  the 
President  and  General  Secretary  for  the  able  discharge  of  their 
respective  duties. 

jReaolved,  That  the  thanks  of  the  Association  be  presented  to  the 
citizens  of  Leavenworth  for  their  cordial  invitation  to  hold  the  next 
meeting  in  that  city,  and  to  express  to  them  the  regrets  of  the 
members  that  the  invitation  was  received  too  late  for  action. 

Resolved^  That  the  thanks  of  the  Association  be  returned  to  the 
authorities  of  the  city  of  Pittsburgh  for  their  cordial  invitation  to 
hold  the  next  meeting  in  that  city. 


After  the  adjournment  of  the  Association,  on  Wednesday  morn- 
ing, August  23,  nearly  two  hundred  members  of  the  Association 
and  their  friends  made  an  excursion  to  Louisville,  Cave  City,  and 
the  &mous  Mammoth  Cave.  Free  transportation  by  railroad,  and 
a  generous  repast  on  the  way,  in  the  cars,  were  provided  by  the 
kindness  of  citizens  of  Louisville,  and  the  railroad  authorities^ 
After  a  successful  exploration  of  the  Mammoth  Cave,  the  n^embers 
of  the  Association  scattered  to  their  homes,  a  few  going  out  of 
their  way  to  visit  the  Wyandotte  Cave,  and  others,  by  invitation 
of  citizens  of  Merom,  to  examine  the  ancient  mounds  on  the  War- 
bash. 

A.  A.  A.  8.  VOL.  XX.  55 
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KEPORT  OP  THE  PERMANENT  SECRETARY. 

The  foUowing  report  oomprises  the  basiness  which  has  been 
done  for  the  Association  daring  the  interval  between  the  first  day 
of  the  Troy  Meeting  (August  17, 1870),  and  the  first  day  of  the 
Indianapolis  Meeting  (August  16, 1871). 

An  unusually  large  number  of  copies  of  the  Salem  volume  <A 
Proceedings  has  been  distributed  to  members.  The  list  of  Foreign 
Academies  to  which  the  Proceedings  are  sent  is  increased  every 
year.  The  Troy  volume  was  ready  for  distribution  on  the  first  day 
of  the  present  month,  and  will  be  sent  by  mail,  prepaid,  to  all 
entitled  to  receive  it.  The  delay  proceeds,  partly  from  the  neces- 
sity of  sending  proof-sheets  over  the  whole  country,  some  of  which 
may  not  find  the  authors  at  home ;  and  partly,  from  the  neglect  of 
authors  to  frimish  a  copy  of  their  papers,  at  an  early  date,  for  pub- 
lication. Many  valuable  papers  are  not  sent  at  all,  and  some 
arrive  too  late  even  for  the  requirements  of  the  slowly  printed 
volume. 

The  financial  condition  of  the  Association  is  as  follows :  — 

Between  August  17, 1870,  and  August  16, 1871,  the  income  of 
the  Association  was  eighteen  hundred  and  ninety-nine  doUars 
($1,899). 

Of  this  amount  forty-three  dollars  and  fifty-cents  ($43.50)  accrued 
from  the  sale  of  the  printed  Proceedings,  and  the  renudnder  firom 
the  admission  fees  and  the  annual  assessments. 
^  The  expenses  of  the  Association,  during  the  same  interval, 
amounted  to  twenty  hundred  dollars  and  forty-two  cents 
($2,000.42),  which  may  be  apportioned  thus: — 

Cost  of  paper,  printing,  and  binding  for  the  Yolnme  of  Troy  Proceed- 
ings, and  expense  of  its  distribution $1,861.82 

Charges  connected  with  the  Troy  Meeting 106.00 

Salary  of  the  Permanent  Secretary  (fire  hundred  dollars)    ....  600.00 

For  circulars,  postage,  stationery,  express,  Ac 88.S0 

The  particular  items  may  be  found  in  the  cash  account  of  the 
Secretary,  which  is  herewith  submitted  as  a  part  of  his  report. 
The  balance  in  the  Treasury  of  the  Association,  August  16, 1871, 
is  sixteen  hundred  and  forty  dollars  and  sixty  cents  (1,640.60). 

Joseph  LovEmNO, 
Indiakapoub,  August  16,  1871.  PermanaU  Seer9tary» 
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List  of  Edropban  Institutions  to  which  Copiigs  of  Volume  XIX.  of 

THE    PbOGEEDINOS    OF   THE   AmESICAK  ASSOCIATION  WERE  DISTRIBUTED 

BY  THE  Permanent  Secretart  in  1871. 

jStockholm^  — Eongliga  Svenska  Vetenskaps  Akademien. 
Copenhagen^  —  Kongel.  danske  Vidensk.  Selskab. 
Moscow^  —  Soci6t6  Imp6riale  des  Natnralistes. 
St.  Petersburg^ — Acad6mie  Imp6riale  des  Sciences. 
„  9,  Eais.  Ross.  Mineralogische  Gesellschafl. 

„  „  Observatoire  Physique  Centrale  de  Russie. 

PvUcowa^ — Observatoire  Imp^riale. 
Amsterdam^  —  Acad^mie  Royale  des  Sciences. 

„  Grenootschap  Natura  Artis  Magistra. 

„  Zoological  Garden. 

JBaarleni^ — Hollandsche  Maatschappij  der  Wettenschappen. 
Xeyden^  —  Musee  d'Histoire  Naturelle. 

„  The  University  Library. 

Utrecht,  —  Institut  Royal  M^t^orologique  des  Pays-Bas. 
AUenburg,  —  Naturforschende  Gesellschaft. 
Berlin, —  K.  P.  Akademie  der  Wissenschaften. 

„  Gesellschaft  ftlr  Erdkunde. 

Bonn, — Naturhist.  Verein  der  Preussiscb.  Rheinlandes,  &c. 
Breslan,  —  K.  L.  C.  Akademie  der  Naturforscher. 
Brilnn,  —  Naturforschenden  Vereins, 
Dresden,  —  K.  L.  C.  Deutsche  Akademie  der  Naturforscher. 
JFranckfurt,  —  Senckenbergische  Naturforschende  Gesellschaft. 
Freiburg,  —  Kdniglich-Sachsische  Bergakademie. 
Odttingen,  —  Konigl.  Gesellschaft  der  Wissenschaften. 
Hamburg,  —  Naturwissenschaftlicher  Verein. 
Hannover,  —  Die  Naturhistorische  Gesellschaft. 
JSibnigsberg, — KSnigliche-Physikalish  Okonomischen  Gesellschaft. 
Xeipsic,  —  Koniglich-Sachsische  Gesellschaft  der  Wissenschaften. 
Munich,,  —  K.  B.  Akademie  der  Wissenschaften. 
Prog,  —  K.  B5hm.  Cresellschaft  der  Wissenschaften. 
Stuttgart, — Verein  ftlr  Vaterlandische  Naturkunde. 
Vienna,  —  K.  Akademie  der  Wissenschaften. 

„  K.  K.  Geographischen  Gesellschaft. 

„  Geologischen  Reichsanstalt. 

y,        '    Osterreichische  Gesellschaft  ftlr  Meteorologie. 
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VtenruZj  — K.  E.  Zoologisch-Botanische  Glesellschaft. 

„  Verein  zur  Verbreitung  Ij^aturwissensch.  Eentnisse. 

WurUemburg^ — Der  Verein  filr  Yaterlandische  Naturkande. 
£(M€ly  —  Naturforschende  Gesellschaft. 
£emy  —  Allgemeine  Scbweizeriscbe  Gesellscbaft. 

n        Natarforscbende  Gesellscbaft. 
Qerieve^  —  Soci^t^  de  Pbysiqae  et  d'Histoire  Naturelle. 
Jxiusanney  —  Soci^t4  Vandoise  des  Sciences  Naturelles. 
Neuchatdy  —  Society  des  Sciences  Natarelles. 
Zurich^  —  Natarforscbende  Gesellscbaft. 
£ruxeUe8y — Academic  Boyale  des  Sciences,  Ac. 
Liege^  —  Society  Boyale  des  Sciences. 
Cherbourg^  —  Soci^t^  Acad^mique. 
Dijon^  —  Academic  des  Sciences,  Ac. 

lAUe^  —  Soci6t^  Nationale  des  Sciences,  de  TAgric,  et  des  Arts. 
Montpdier^  — Acad6mie  des  Sciences  et  Lettres. 
jPariSy —  Institnt  de  Prance. 
„  Soci^t^  Pbilomatique. 

•  „  Soci^t^  MSt^orologiqne  de  France. 

2\irinj — Accademia  Real  delle  Scienzie. 
Home^  —  Osservatorio  Astronomico  del  CoUegio  Romano. 
Madrid^  —  Real  Academia  de  Ciencias. 
Cambridge  —  Cambridge  Philosopbical  Society. 
Dublin^  —  Royal  Irisb  Academy. 
JSdinburgh^  — Royal  Society. 

JUverpooly — Tbe  Literary  and  Pbilosopbical  Society. 
JLondon^  —  Board  of  Admiralty. 

„  East  India  Company. 

„  Musenm  of  Practical  Geology. 

„  Royal  Society. 

„  Royal  Astronomical  Society. 

„  Royal  G^ograpbical  Society. 

„  Royal  Institation  of  Great  Britain. 

ManchesteTy — Literary  and  Pbilosopbical  Society. 

„  Natural  Hist.  Soc.  of  Nortbumberland,  Darbam,  &c. 

JfewcasUe-upon-Tf/ney  —  Tbe  Tyneside  Naturalist's  Field-Club. 
Oxford^  —  Radcliffe  Observatory. 
BataviOy — Societe  des  Arts  et  des  Sciences. 
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KEPORTS. 

On  XJNiFOBiaTT  of  Nomencultube  in  Regabd  to  Micbo- 
BCOPiCAL  Objectiyes  AND  OcuLABS.  By  R,  H.  Wabi>, 
of  Troy,  N.T. 

The  equivalent  focal  length  of  an  achromatic  objective  is  nni- 
versally  employed  in  this  country  and  England,  and  largely  else- 
where, as  the  name  of  the  objective.  Being  more  significant,  and 
capable  of  becoming  a  universal  nomenclature,  it  is  manifestly 
better  than  the  arbitrary  naming  by  letters  or  numbers  at  the 
caprice  of  individual  makers.  Yet  the  carelessness  or  the  ambition 
of  makers  has  led  to  a  great  variation  in  lenses  of  identical  name, 
which  is  £uniliarly  known  and  is  undisputed,  a  one-fourth  inch 
objective  by  one  maker  often  being  lower  than  a  four-tenths  by 
another  maker,  or  higher  than  a  one-fiflh  by  another.  The  time 
has  doubtless  arrived  for  a  reconsideration  of  this  subject,  naming 
according  to  some  accepted  standard  all  new  objectives,  and  re- 
naming, by  the  same  standard,  many  of  those  now  in  use.  We  do 
not  ask  the  opticians  to  make  all  their  combinations  of  certain 
conveniently  graded  powers,  but  we  do  propose  so  to  name  our 
objectives,  if  we  can,  that  each  number  shall  group  together  those 
powers  of  which  it  is  the  nearest  and  best  description. 

An  accurate  method  of  determining  the  amplifying  power  of  an 
objective  is  to  measure  the  image  of  a  known  object  (say  a  stage 
micrometer)  on  a  screen,  at  a  distance  of  several  feet ;  but  this 
method  requires  too  many  appliances  and  too  much  skill  to  be 
universally  applicable.  Every  microscopist  may  measure  his  ob- 
jectives as  they  are  actually  used  in  the  microscope,  by  means  of 
an  ocular  micrometer.  Of  course  the  field-lens  is  i-emoved  if  a 
negative  ocular  is  employed.  Thus  the  image  is  measured  directly 
by  the  ocular  micrometer,  at  the  standard  distance  often  inches,  a 
positive  ocular,  or  the  eye-lens  of  a  negative  one,  being  used  as  a 
simple  microscope  with  which  to  read  off  the  measurement. 

The  optical  centre  of  the  modem  objective  being  a  movable 
point,  and  not  easily  determined  at  any  time,  it  is  a  difficult  ques- 
tion from  what  part  of  the  objective  the  standard  distance  of 
measurement,  ten  inches,  is  to  be  measured.    Mr.  Charles  R.  Crosa 
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has  proposed  to  measure  the  ten  inches  between  the  conjugate  foci 
used,  without  regard  to  the  position  of  the  objective;  but  this  plan, 
sufficiently  accurate  with  high  powers,  would  greatly  mbrepresent 
a  three-inch  objectire,  and  could  not  measure  a  four-inch  at  all.  If 
we  measure  from  the  space  between  the  middle  and  lowest  combina- 
tion of  lenses  in  the  objective,  or  even  from  the  bottom  of  the 
whole  arrangement,  the  error  will  be  scarcely,  if  at  all,  appreciable, 
and  will  be  certainly  unappreciable  if  the  image  be  measured  on  a 
screen  at  a  distance  of  several  feet. 

The  screw-collar  adjustment  for  cover-glass  is  another  difficult 
complication  of  the  question  of  powers.  Most  opticians  rate  the 
angular  aperture  at  its  highest  point,  but  many  name  the  same 
lenses  by  their  power  at  its  lowest  point.  It  would  seem  that  both 
angle  and  focus  should  be  stated  at  the  same  point  of  adjustment, 
whether  the  highest  or  the  lowest  or  an  average  point  be  adopted. 
There  seems  to  be  no  principle  on  which  a  maker  can  fairly  name 
his  angular  apertures  at  their  highest  point,  and  then  charge  with 
exaggeration  those  who  name  their  magnifying  powers  in  the  same 
manner.  Nowhere  do  we  want  to  agree  upon  a  uniform  usage 
more  than  here.  In  important  cases  it  might  be  well  to  give  both 
extremes,  or  else  to  state  the  angle  and  power  at  which  the  com- 
bination was  worked  to  accomplish  the  results  specified. 

Where  an  extra  front  of  different  properties  is  added,  we  have 
essentially  another  objective  whose  power  and  angle  should  doubt- 
less be  separately  stated. 

Having  agreed  upon  the  amplifying  power,  it  is  worthy  of  con- 
sideration whether  we  should  name  the  objective  by  this  alone, 
thus  expressing  conveniently  various  degrees  of  power,  the  present 
one-inch  lens  becoming  No.  10,  or  X  10,  or  in  some  cases  X  9  or 
X  11 ;  or  by  its  power  when  combined  with  some  standard  (say 
two-inch)  ocular,  the  one-inch  lens  becoming  No.  50  or  X  50,  &c., 
as  above ;  or,  as  heretofore,  by  equivalent  focal  length.  If  the 
focal  length  is  preferred,  it  would  be  most  easy  and  unmistakable 
to  assume  X  10  as  a  one-inch  power,  and  rate  other  powers  in 
proportion;  then  this  power,  ten,  divided  by  the  asceitained 
power  of  any  objective  or  ocular  would  give  the  equivalent  focal 
length  of  that  objective  or  ocular  without  comparison  and  beyond 
dispute.  There  would  be  much  advantage,  however,  in  recording 
the  exact  amplifying  power,  either  as  the  name  of  the  lens,  or  as 
an  additional  item  (in  parenthesis)  which  should  give  greater 
definiteness  and  accuracy. 
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The  eye-pieces,  better  called  oculars,  have  been  made  without 
any  pretence  of  uniformity,  and  named  without  any  serious  at- 
tempt at  significance ;  yet  it  would  seem  convenient  and  proper 
that  they  should  be  so  named  as  to  express  their  magnifying 
power.  This  has  been  done  by  many  microscopists,  on  a  basis  of 
one  inch  to  ten  diameters,  discarding  the  letter  nomenclature  (A^ 
£y  Gy  &c.),  and  giving  the  names  2-in.,  l|-in.,  1-in.,  T%-in.,  J-in^ 
^-in.,  1%-in.,  J-in.,  and  J-in.,  to  the  oculars  nearest  the  powers  of  5, 
7i,  10, 12i,  15,  20,  25,  30,  and  40;  and  the  writer  is  satisfied,  by 
experience  of  its  convenience,  that  this  nomenclature  needs  only 
a  trial  to  secure  its  adoption  by  all  those  who  use  the  microscope 
for  other  purposes  than  amusement.  Of  course,  any  microscopist, 
having  determined  the  power  of  an  objective,  and  the  powers  of 
the  microscope  when  that  objective  is  usei4  with  his  various  ocu- 
lars, can  obtain  the  powers  of  his  oculars  by  dividing  the  latter 
numbers  by  the  one  first  named,  and  can  then  name  his  oculars, 
like  the  objectives,  either  by  their  magnifying  powers  or  by  their 
equivalent  focal  lengths. 

In  reviewing  this  subject,  the  following  points  would  seem  to  be 
reasonably  well  settled.  Objectives  should  be,  and  could  be  to  a 
much  greater  extent  than  they  now  are,  rated  according  to  a  uni- 
form standard.  They  should  be  named  not  arbitrarily,  but  in  a 
manner  indicative  of  their  magnifying  power.  Ten  inches  is  the 
standard  distance  of  measurement  in  estimating  powers.  This 
distance  should  be  taken  from  the  eye  to  the  rule  by  which  the 
measurements  are  made,  without  regard  to  the  distance  of  the  object 
on  the  stage.  Magnifying  power  is  always  stated  in  linear  meas- 
ure. The  magnifying  power  and  angular  aperture,  as  well  as  the 
maker's  name,  should  be  engraved  on  all  objectives,  and  added  to 
all  particularly  important  drawings  made  by  their  means.  Oculars 
should  be  named,  like  the  objectives,  in  such  manner  as  to  indicate 
their  magnifying  powers,  either  directly  or  by  means  of  their 
equivalent  focal  lengths. 

The  following  are  some  of  the  more  important  queries  which 
still  remain  open.  Should  the  standard  one-inch  objective  be 
characterized  by  magnifying  ten  diameters  as  used  in  the  com- 
pound microscope  (with  standard  length  of  tube  so  as  to  bring  the 
diaphragm  of  the  ocular  ten  inches  from  the  lower  part  of  the  ob- 
jective), or  should  it  be  compared  to  a  simple  lens  of  actually 
measured  focus  or  foci?  Should  the  objective  (and  the  ocular) 
be  named  l^y  its  equivalent  focal  length,  or  by  its  amplifying 
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power,  or  both  ?  Should  oar  standard  distance  of  measurement, 
as  a  concession  to  the  excellence  of  the  metric  system,  be  changed 
(with  scarcely  appreciable  difference  in  results)  from  ten  inches 
(254  millimetres)  to  nine  and  five-sixths  inches  (250  millimetres)  ? 
From  what  point  in  the  objective  shall  the  distance  to  the  scale  be 
measured  ?  At  what  point  of  screw-collar  adjustment  shall  the 
objective  be  placed  for  rating  its  angular  aperture  and  amplifying 
power  ?  Should  the  name  **  ocular  "  be  substituted  for  '*  eye-piece" 
in  general  use  ? 


Report  on  the  Pacific  Railroad  Observatory. 

The  committee  reported  the  following  Memorial,  soliciting  the 
aid  of  the  Government  of  the  United  States :  — 

To  the  Honorable  the  Senate '  and  House  of  Bepresentaiivet  of  the  United  States  in 
Congress  assembled:  — 

At  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  held  at  Troy,  in  August,  1870,  the  undersigned 
were  appointed  a  committee  charged  with  the  duty  of  representing 
to  Congress  "  the  importance  of  establishing  an  observatory  and 
maintaining  a  scientific  corps,  for  a  year  or  more,  at  one  of  the 
highest  points  of  the  Pacific  Railroad,  and  particularly  at  the  east- 
ern rim  of  the  Utah  Basin." 

The  committee  therefore  beg  leave  to  bring  to  your  attention 
the  fact  that,  for  observations  having  reference  to  physical  astron- 
omy, it  is  of  the  greatest  importance  that  they  should  be  as  free  as 
possible  from  the  effects  of  atmospheric  interference.  When  the 
best  optical  means  for  penetrating  celestial  space  are  provided, 
they  should  be  employed  at  the  greatest  attainable  elevation,  con- 
sistent with  the  maintenance  of  the  observers,  in  order  that  the 
phenomena  observed  with  the  telescope,  noted  by  photography,  or 
analyzed  by  the  spectroscope,  may  be  in  the  least  degree  affected 
by  the  want  of  perfect  transparency  of  the  atmosphere  or  by  the 
cloudiness  due  to  the  vapors  it  holds  in  suspension. 

At  the  highest  point  of  the  Pacific  Railroad,  nearly  one-third  of 
the  atmosphere  is  below  the  observer,  and  consequently  the  great 
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brilliancy  of  the  stars  and  transparency  of  the  air  have  arrested  the 
attention  of  the  traveller. 

In  addition  to  the  observation  of  celestial  phenomena,  the  posi- 
tion above  mentioned  would  be  highly  important  for  observations 
relative  to  the  normal  direction  of  the  wind  over  the  continent, 
the  diminution  of  temperature  with  elevation,  and  the  fitful  varia- 
tions of  terrestrial  magnetism. 

In  order  to  institute  a  trustworthy  comparison  between  observa- 
tions made  under  such  conditions  and  those  made  near  the  sea 
level,  and  to  obtain  at  least  some  of  the  leading  phenomena  as 
presented  at  such  an  elevation,  it  is  now  proposed  that  the  means 
be  provided  for  establishing  an  experimental  observatory  and 
maintaining  a  corps  of  observers  for  two  years.  The  building 
need  not  be  expensive,  shelter  for  the  instruments  and  quarters 
for  the  observers  being  all  that  is  required. 

The  committee  would  therefore  respectfully  recommend  that 
the  appropriation  of  $16,000  be  made  for  the  purpose  set  forth, 
and  that  the  same  be  intrusted  to  the  Superintendent  of  the  United 
States  Coast  Survey. 

J.  E.  HiLGAJiD,  U.  S.  Coast  Survey. 
Joseph  Hsnby,  Smithsonian  Institution. 
James  H.  Coffin,  Lafayette  College,  Pa. 
Committee  of  the  American  Association  for  the  Advancement  of 

Science. 
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Ebbata. 

Soon  after  the  paper,  relating  to  the  "  U.  S.  Coast  Survey  Lon- 
gitude Determinations  across  the  Continent"  had  been  printed, 
the  Permanent  Secretary  was  informed  by  Mr.  Dean,  that  the 
con-ections  for  personal  equations  had  inadvertently  been  applied 
to  the  longitude  results,  with  the  wrong  algebraic  sign. 

The  following  corrected  longitude  results  are  therefore  printed. 


8TATIOH8. 

Differonc*  of 
Longitude. 

Penonal 
Equation. 

of  liongltttde. 

Probabto 
Errwn. 

A.  m.    i. 

g. 

A.  m.    9. 

«. 

Cambridge  to  Omaha     .    . 

1.89.  16.169 

—  .180 

1.39.   15.029 

±.008 

Cambridge  to  Salt  I^ake    . 

2.48.    4.?^7 

—  .110 

2.48.     4.147 

±.008 

Omaha  to  Salt  Lake      .    . 

1.  8.  49.081 

+  .020 

1.  8.  49.101 

±.008 

Cambridge  to  San  Francisco 

8.25.    7.260 

+  .070 

8.25.    7.880 

±.007 

Omalia  to  San  Francisco    . 

1.45.  52.094 

+  .200 

1.46.  52.294 

±.010 

Salt  Lake  to  San  Francisco 

0.42.    8.024 

+  .180 

0.42.     8.204 

±.008 

On  page  886,  fourth  line  from  bottom  of  page,  for  Pinua  Lembra  read  Ptmis 
Cembra. 
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Jolm  Lynch, 
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Samuel  E.  Spring, 
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CONSTITUTION   OF    THE  ASSOCIATION  .♦ 


OBJECTS. 


The  Association  shall  be  calle.d  The  American  Association 
FOE  THE  Advancement  op  Science. 

The  objects  of  the  Association  are,  by  periodical  and  migratory 
meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  the  United  States;  to  give 
a  stronger  and  more  general  impulse  and  a  more  systematic 
direction  to  scientific  research  in  our  country ;  and  to  procure  for 
the  label's  of  scientific  men  increased  facilities  and  a  wider  use- 
^ilness. 

MEMBERS. 

Rule  1.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  members,  nomination 
by  the  Standing  Committee,  and  election  by  a  majority  of  the 
members  present. 

officers. 

Rule  2.  The  oflScere  of  the  Association  shall  be  a  President, 
Vice-President,  General  Secretary,  Permanent  Secretary,  and 
Treasurer.  The  President,  Vice-President,  General  Secretary,  and 
Treasurer  shall  be  elected  at  each  meeting  for  the  following  one ; 
— the  three  first  named  officers  not  to  be  re-eligible  for  the  next 
two  meetings,  and  the  Treasurer  to  be  re-eligible  as  long  as  the 
Association  may  desire.  The  Permanent  Secretary  shall  be  elected 
at  each  second  meeting,  and  also  be  re-eligible  as  long  as  the  Asso- 
ciation may  desire. 

*  Adopted  Angost  25,  1856,  and  ordered  to  go  into  effect  at  the  opening  of 
the  Montreal  Meeting.  Amended  at  Burlington,  August,  1867,  and  at  Chicago, 
August,  1868. 

(XY) 
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XVI  CONSTITUTION 

MESTmaS. 

Rule  3.  The  Association  shall  meet,  at  such  intervals  as  it  may 
determine,  for  one  week,  or  longer ;  and  the  arrangements  for  it 
shall  be  intrusted  to  the  officers  and  the  Local  Committee.  The 
Standing  Committee  shall  have  power  to  determine  the  time 
and  place  of  each  meeting,  and  shall  give  due  notice  of  it  to  the 
Association. 

STANDING   COMMITTEE. 

Rule  4.  Therje  shall  be  a  Standing  Committee,  to  consist  of 
the  President,  Vice-President,  Secretaries,  and  Treasurer  of  the 
Association,  the  officers  of  the  preceding  year,  the  Permanent 
Chairmen  of  the  Sectional  Committees,  after  these  shall  have  been 
organized,  and  six  members  present  from  the  Association  at  large, 
who  shall  have  attended  any  of  the  previous  meetings,  to  be 
elected  upon  open  nomination  by  ballot  on  the  first  assembling  of 
the  Association.  A  majority  of  the  whole  number  of  votes  cast, 
to  elect.  The  General  Secretary  shall  be  Secretary  of  the  Stand- 
ing Committee. 

The  duties  of  the  Standing  Committee  shall  be,  — 

1.  To  assign  papers  to  the  respective  Sections. 

2.  To  arrange  the  scientific  business  of  the  general  meetings, 
to  suggest  topics,  and  arrange  the  programmes  for  the  evening 
meetings. 

3.  To  suggest  to  the  Association  the  place  and  time  of  the  next 
meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific  reports 
and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the  next 
meeting. 

9.  In  conjunction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of  officers  of 
the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions,  or 
other  proceedings  shall  be  published. 
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OF  THB  ASSOCIATION.  XVU 

SECTIONS. 

RuiiB  5.  The  Association  shall  be  divided  into  two  Sections, 
and  as  many  sub-sections  as  may  be  necessary  for  the  scientific 
business.  When  not  otherwise  ordered  the  sub-sections  shall  be 
as  follows :  Section  A.  —  (1)  Mathematics  and  Astronomy ;  (2) 
Physics  and  Chemistry ;  (3)  Microscopy.  Section  B.  —  (1)  Zo- 
ology and  Botany;  (2)  Geology  ani  PalaBontology ;  (3)  Ethnology 
and  Archeology.    The  two  Sections  may  meet  as  one. 

SECTIONAL   OFFICEBS   AND   COMMITTEES. 

Rule  6.  On  the  first  assembling  of  the  Section,  the  members 
shall  elect  upon  open  nomination  a  permanent  Chairman  and  Sec- 
retary, also  three  other  members,  to  constitute,  with  these  officers, 
a  Sectional  Committee. 

The  Section  shall  appoint,  from  day  to  day,  a  Chairman  to  pre- 
side over  its  meetings. 

Rule  7.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their  Sec- 
tion ;  to  ascertain  what  communications  are  offered ;  to  assign  the 
order  in  which  these  communications  shall  appear,  and  the  amount 
of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  subjects 
for  systematic  investigation  by  members  willing  to  undertake  the 
researches,  and  to  present  their  results  at  the  next  meeting. 

The  Sectional  Committee  may-  likewise  recommend  reports  on 
particular  topics  and  departments  of  science,  to  be  drawn  up  as 
occasion  petmits,  by  competent  persons,  and  presented  at  subse- 
quent meetings. 

BEPOBTS  OF  PBOCEEDINGS. 

RxTLE  8.  Whenever  practicable  the  proceedings  shall  be  reported 
by  professional  reporters,  or  stenographers,  whose  reports  are  to  be 
revised  by  the  Secretaries  before  they  appear  in  print. 

PAPERS   AND   COMMUNICATIONS. 

RiTLE  9.  No  paper  shall  be  placed  in  the  programme,  unless 
admitted  by  the  Sectional  Committee;  nor  shall  any  be  read, 
unless  an  abstract  of  it  has  been  previously  presented  to  the  Secre- 
tary of  the  Section,  who  shall  furnish  to  the  Chairman  the  titles  of 
papers,  of  which  abstracts  have  been  received. 

A.  A.  A.  S.   VOL.  XXI.  O 
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XVUl  CONBTITUnON 

Rule.  10.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided  he 
declare  such  to  be  hifi  wish  before  presenting  it  to  the  Associa- 
tion. 

Rule  11.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  furnished  by  the 
authors ;  otherwise  only  the  .titles,  or  abstracts,  shall  appear  in 
the  published  proceedings. 

RuLB  12.  All  papers,  either  at  the  general  or  in  the  sectional 
meetings,  shall  be  read,  as  far  as  practicable,  in  the  order  in  which 
they  are  entered  upon  the  books  of  the  Association ;  except  that 
those  which  may  be  entered  by  a  member  of  the  Standing  Com- 
mittee of  the  Association  shall  be  liable  to  postponement  by  the 
proper  Sectional  Committee. 

Rule  13.  If  any  communication  be  not  ready  at  the  assigned 
time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and  shall 
not  be  entitled  to  take  precedence  of  any  subsequent  commu- 
nication. 

Rule  14.  No  exchanges  shall  be  made  between  members  with- 
out authority  of  the  respective  Sectional  Committees. 


6ENEBAL  AND  EVENING  MEETINGS. 

Rule  15.  The  Standing  Committee  shall  appoint  any  general 
meeting  which  the  objects  and  interests  of  the  Association  may 
call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for  general 
meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  purpose, 
give  their  attention  to  any  topics  of  science  which  would  other- 
wise, come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ;  to 
hear  such  reports  on  scientific  subjects  as,  from  their  general  im- 
portance and  interest,  the  Standing  Committee  shall  select;  also, 
to  receive  from  the  Chairmen  of  the  Sections  abstracts  of  the  pro- 
ceedings of  their  respective  Sections ;  and  to  listen  to  communi- 
cations and  lectures  explanatory  of  new  and  important  discoveries 
and  researches  in  science,  and  new  inventions  and  processes  in  the 
arts. 
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OBDEB  OF  P^pCEBDINGS  IK   OBGAinZIKG  ▲  MEETING. 

Rule  16.  The  ABsociation  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting ;  and  this  officer  having  re- 
signed the  chair  to  the  President  elect,  the  General  Secretary- 
shall  then  report  the  number  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  AssociatioA  consider  the 
most  eligible  distribution  into  Sections,  when  it  shall  proceed  to 
the  election  of  the  additional  members  of  the  Standing  Committee 
in  the  manner  before  described ;  the  meeting  shall  then  adjourn, 
and  the  Standing  Committee,  having  divided  the  Association  into 
Sections  as  directed,  shall  allot  to  each  its  place  of  meeting  for 
the  Session.  The  Sections  shall  then  organize  by  electing  their 
officers  and  their  representatives  in  the  Nominating  Committee, 
and  shall  proceed  to  business. 

PEBMANBNT   SECBETABT. 

RiTLE  17.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles  of 
papers,  minutes  of  the  general  and  sectional  meetings,  and  for 
other  purposes  indicated  in  the  rules,  and  to  execute  such  other 
duties  as  may  be  directed  by  the  Standing  Committee  or  by  the 
Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  the  ' 
Association,  of  the  business  of  which  he  has  had  charge  since  its 
last  meeting. 

All  members  are  particularly  desired  to  forward  to  the  Perma- 
nent Secretary,  so  as  to  be  received  before  the  day  appointed  for 
the  Association  to  convene,  complete  titles  of  all  the  papers  which 
they  expect  to  present  during  its  meeting,  with  an  estimate  of  the 
time  required  for  reading  each,  and  such  abstracts  of  their  contents 
as  may  give  a  general  idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  "Proceedings"  of  the 
Association,  he  is  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  sub-committee  of  the  Standing  Committee  for 
correction. 
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XX  CONBTITUTIOir  OF  THE  ASSOCUTION. 

LOCAL  COKMITTEE. 

RiTLB  18.  The  Local  Committee  shall  be  appointed  from  among 
members  residing  at,  or  near,  the  place  of  meeting  for  the  ensuing 
year;  and  it  shall  be  the  duty  of  the  Local  Committee,  assisted  by 
the  officers,  to  make  arrangements  and  the  necessary  annoonce- 
ments  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular  in 
regard  to  the  time  and  place  of  meetings,  and  other  particulars,  at 
least  one  month  before  each  meeting. 

8UBSCBIPTI0NS. 

Rule  19.  The  amount  of  the  subscription,  at  each  meeting,  of 
each  member  of  the  Association,  shaU  be  two  dollars,  and  one 
dollar  in  addition  shall  entitle  him  to  a  copy  of  the  "  Proceedings  ** 
of  the  annual  meeting.  These  subscriptions  shall  be  received  by 
the  Permanent  Secretary,  who  shaU  pay  them  over,  after  the  meet- 
ing, to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars,  in 
addition  to  the  annual  subscription ;  and  no  person  shall  be  con- 
sidered a  member  of  the  Association  until  this  admission  fee  and 
the  subscription  for  the  meeting  at  which  he  is  elected  have  been 
paid. 

Rule  20.  -The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  been  previously  given. 

ACCOITNTS. 

Rule  21.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS  OF   THE   CONSTITUTION. 

Rule  22.  No  article  of  this  Constitution  shall  be  altered^  or 
amended,  or  set  aside,  without  the  concurrence  of  three-fourths  of 
the  members  present,  and  unless  notice  of  the  proposed  change 
shall  have  been  given  at  the  preceding  annual  meeting. 
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RESOLUTIONS 


OP  A  PEBMAMSNT  AND  PB08PBCTIVB   GHARACTBR,   ADOPTED 
AUGirST  19,  185T. 


1.  No  appointment  may  be  made  in  behalf  of  the  Association, 
and  no  invitation  giyen  or  accepted,  except  Jby  vote  of  the  Asso- 
ciation or  its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent 
Secretary  for  the  files,  within  two  weeks  after  the  adjournment  of 
every  meeting,  a  record  of  the  proceedings  of  the  Association  and 
the  votes  of  the  Standing  Committee.  He  shall  also,  daily,  daring 
the  meetings,  provide  the  Chairmen  of  the  two  Sectional  Com- 
mittees with  lists  of  the  papers  assigned  to  their  Sections  by  the 
Standing  Committee. 

3.  All  printing  for  the  Assopiation  shall  be  superintended  by 
the  Permanent  Secretary,  who  is  authorized  to  employ  a  clerk  for 
that  especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  "  Proceed- 
ings" of  the  meeting  to  press  one  month  after  the  adjournment  of 
the  Association.  Papers  which  have  not  been  received,  at  that 
time  may  be  published  only  by  title.  No  notice  of.  articles  not 
approved  shall  be  taken  in  the  published  ^'  Proceedings." 

5.  The  Permanent  Chairmen  of  the  Sections  are  to  be  con- 
sidered their  organs  of  conmiunication  with  the  Standing  Com- 
mittee. 

6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections  to 
receive  copies  of  the  papers  read  in  their  Sections,  all  sub-sections 
included,  and  to  furnish  them  to  the  Permanent  Secretary  at  the 
close  of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  than  nine  aj£. 
daily,  during  the  meetings  of  the  Association,  to  arrange  the  pro- 
grammes of  their  respective  Sections,  including  all  sub-sections, 

(Mi) 
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for  the  following  day.  No  paper  sliall  be  placed  upon  these  pro- 
grammes which  shall  not  have  been  assigned  to  the  Section  by 
the  Standing  Committee.  The  programmes  are  to  be  furnished 
to  the  Permanent  Secretary  not  later  than  eleven  a.m. 

6.  During  the  meetings  of  the  Association,  the  Standing  Com- 
mittee shall  meet  daily,  Sundays  excepted,  at  nine  a.m.,  and  the 
Sections  be  called  to  order  at  ten  a.m.,  unless  otherwise  ordered. 
The  Standing  Committee  shall  also  meet  on  the  evening  preceding 
the  first  assembling  of  the  Association  at  each  annual  meeting,  to 
arra;ige  for  the  business  of  the  first  day;  and  on  this  occasion  three 
shall  form  a  quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or  three 
years,  as  they  shall  choose  at  the  time  of  admission,  —  to  be  elected 
in  the  same  way  as  permanent  members,  and  to  pay  the  same  dues. 
They  shall  have  all  the  social  and  scientific  privileges  of  members, 
without  taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  business 
arrangement  of  both  the  Sections. 
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MEMBERS 


AMERICAN   ASSOCIATION 

.   FOB  THB 

ADVANCEMENT  OF  SCIENCE. 


A.      ' 

Abbe,  CloTeland,  Washington,  District  of  Columbia  (16). 
*Adam8|  C.  B.,  Amherst,  Massachusetts  (1).  • 

*Adams,  Edwin  F.,  Charlestown,  Massachusetts  (18). 

Adams,  Samuel,  Jacksonyille,  Illinois  (18). 

Ac^assiz,  Alexander  E.  B.,  Cambridge,  Massachusetts  (18). 

Agassiz,  Louis,  Cambridge,  Massachusetts  (1). 

Aiken,  W.  E.  A.,  Baltimore,  Maryland  (12). 

Ainsworth,  Frank  B.,  Plainfield,  Indiana  (20). 

Albert,  Augustus  J.,  Baltimore,  Maryland  (12). 

Alexander,  Stephen,  Princeton,  New  Jersey  (1). 

Allen,  Joel  A.,  Cambridge,  Massachusetts  (18). 

Allen,  Zachariah,  Providence,  Bhode  Island  (1). 

Alvord,  Benjamin,  Washmgton,  District  of  Columbia  (17). 
*Ames,  M.  P.,  Springfield,  Massachusetts  (1).  • 

Andrews,  Ebenezer,  Chicago,  Blinois  (17). 

Andrews,  E.  B.,  Columbus,  Ohio  (7). 

Andrews,  Joseph  H.,  Chicago,  Illinois  (17). 
*Appleton,  Nathan,  Boston,  Massachusetts  (1). 

At  water,  Elizabeth  E.,  Chicago,  Illinois  (17). 

Atwater,  Samuel  T.,  Chicago,  Illinois  (17). 

Austin,  E.  P.,  Cambridge,  Massachusetts  (18). 

Avery,  Alida  C,  Poughkeepsie,  New  York  (20). 

NOTS.  ~  Names  of  deoeaiied  momben  are  marked  with  an  aatoriflk  [  •  ].    The  figure  at  the  end 
of  eaeh  name  refers  to  the  meeting  at  which  the  election  took  place. 
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B. 


Babcock,  George,  Troy,  New  York  (19). 

Babcock,  Henry  H.,  Chicago,  Illinois  (17). 
*Bache,  Alexander  D.,  Washington,  District  of  Columbia  (1). 

Bacon,  John,  Jr.,  Boston,  Massachusetts  (1). 
♦Bailey,  J.  W.,  West  Point,  New  York  (1). 

Bailey,  Loring  W.,  Frederickton,  New  Brunswick  (18). 

Baird,  Lyman,  Chicago,  Illinois  (17). 

Baird,  S.  F.,  Washington,  District  of  Columbia  (1). 

Bannister,  Henry  M.,  Washington,  District  of  Columbia  (17). 

Bard  well,  ^.  W.,  Lawrence,  Kansas  (18). 

Barker,  G.  F.,  New  Hayen,  Connecticut  (18). 

Barnard,  F.  A.  P.,  New  York,  New  York  (7). 

Barnard,  J.  G.,  New  York,  New  York  (14). 

Basnett,  Thomas,  Ottawa,  Illinois  (8). 

Bassett,  George  W.,  Vandalia,  Illinois  (20). 

Batchelder,  J.  H.,  Salem,  Massachusetts  (18). 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  (8). 
*Beck,  C.  F.,  Philadelphia,  Pennsylvania  (1). 
*Beck,  Lewis  C,  New  Brunsnuck,  New  Jersey  (1). 
♦Beck,  T.  Romeyn,  Albany,  New  York  (1). 

Bell,  James  D.,  New  York,  New  York  (20). 

Bell,  Samuel  N.,  Manchester,  New  Hampshire  (7). 

Bei^amin,  E.  B.,  New  York,  New  York  (19). 

Bethune,  Charles  J.  S.,  Port  Hope,  Canada  (18). 

Bickmore,  Albert  S.,  New  York,  New  York  (17). 

Bicknall,  Edwin,  Cambridge^  Massachusetts  (18). 

Bill,  Charles,  Springfield,  Massachusetts  (17). 
♦Binney,  Amos,  Boston,  Massachusetts  (1). 
♦Binney,  John,  Boston,  Massachusetts  (8). 

Blake,  Eli  W.,  Providence,  Rhode  Island  (16). 

Blake,  Eli  W.,  New  Haven,  Connecticut  (1). 
♦Blanding,  WiUiam,  Bhode  Island  (1). 

Blatchford,  Eliphalet  W.,  Chicago,  Blinois  (17). 

Blatchley,  S.  L.,  New  Haven,  Connecticut  (19). 

Boadle,  John,  Haddonfield,  New  Jersey  (20). 

BoUes,  E.  C,  Salem,  Massachusetts  (17). 

Bolton,  H.  C,  New  York,  New  York  (17). 
♦Bomford,  Greorge,  Washington,  District  of  Columbia  (1). 

Bontencou,  R.  B.,  Troy,  New  York  (19). 

Bouvd,  Thomas  T.,  Boston,  Massachusetts  (1). 

Bowditch,  Henry  I.,  Boston,  Massachusetts  (2). 

Bowen,  Chauncey  W.,  Chicago,  Illinois  (17). 

Bo  wen,  James  H.,  Chicago,  Illinois  (17). 

Bowen,  Silas  T.,  Indianapolis,  Indiana  (20). 

Boynton,  Susan  P.,  Lynn,  Massachusetts  (19). 

Brackett,  C.  F.,  Brunswick,  Maine  (19). 

Bradley,  L.,  Jersey  City,  New  Jersey  (15). 
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fireneman,  A.  A.,  Agricultural  College,  PennsylTania  (20). 

BreToort,  J.  Carson,  Brooklyn,  New  York  (1). 

Brewer,  W.  H.,  New  Haven,  Connecticut  (20).    • 

^nggs,  A.  D.,  Springfield,  Massachusetts  (13). 

Briggs,  D.  H.,  Norton,  Massachusetts  (18). 

Briggs,  S.  A.,  Chicago,  Illinois  (17). 

Brigham,  Charles  H.,  Ann  Arbor,  Michigan  (17). 

Bross,  William,  Chicago,  Illinois  (7). 

Brown,  Bobert,  Jr.,  Cincinnati,  Ohio  (11). 

Brown,  Mrs.  Robert,  Jr.,  Cincinnati,  Ohio  (17). 

Brush,  George  J.,  New  Haven,  Connecticut  (11). 

Bryan,  OUver  N.,  MarshaU  HaU  P.  0.,  Maryland  (18). 

Buchanan,  Robert,  Cincinnati,  Ohio  (2). 

Burbank,  L.  S.,  Lowell,  Massachusetts  (18). 

Burden,  Henry,  Jr.,  Troy,  New  York  (19). 

Burgess,  Abby  L.,  Oxford,  Ohio  (20). 
♦Bumap,  G.  W.,  Baltimore,  MaryUnd  (12). 
*Bumett,  Waldo  I.,  Boston,  Massachusetts  (1). 

Bush,  Stephen,  Waterford,  New  York  (19). 

Bushee,  James,  Worcester,  Massachusetts  (9). 

Butler,  Thomas  B.,  Norwalk,  Connecticut  (10). 


Canby,  William  M.,  Wilmington,  Delaware  (17). 
♦Carpenter,  Thornton,  Camden,  South  Carolina  (7). 
♦Carpenter,  William  M.,  New  Orleans,  Louisiana  (1). 

Carrier,  Joseph  C,  Notre  Dame,  Indiana  (20). 

Case,  Leonard,  Cleveland,  Ohio  (15). 

Case,  L.  B.,  Richmond,  Indiana  (17). 
♦Case,  William,  Cleveland,  Ohio*(6). 

Caswell,  Alexis,  Providence,  Rhode  Island  (2). 

Cattell,  William  C,  Easton,  Pennsylvania  (15). 

Chadboume,  P.  A.,  Williamstown,  Massachusetts  (10). 

Chandler,  WiUiam  H.,  New  York,  New  York  (19). 

Chanute,  O.,  Lawrence,  Kansas  (17). 

Chapman,  F.  M.,  Chicago,  UUnois  (17). 
♦Chapman,  N.,  Philadelphia,  Pennsylvania  (1). 

Chase,  Pliny  £.,  Haverford,  Pennsylvania  (18). 

Chase,  R.  Stuart,  Haverhill,  Massachusetts  (18). 
♦Chase,  S.,  Dartmouth,  New  Hampshire  (2). 
♦Chauvenet,  William,  St.  Louis,  Missouri  (1). 

Chesbrough,  E.  S.,  Chicago,  Illinois  (2). 
♦Clapp,  Asahel,  New  Albany,  Indiana  (1). 

Clark,  John  E.,  YeUew  Springs,  Ohio  (17). 
♦Clark,  Joseph,  Cincinnati,  Ohio  (5). 

Clarke,  F.  W.,  Boston,  Massachusetts  (18). 
♦Cleveland,  A.  B.,  Cambridge,  Massachusetts  (2). 

Coffin,  James  H.,  Easton,  Pennsylvania  (1). 
A.A.A.  a.  YQL.  XXI.  D 
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Coffin,  John  H.  C,  Washin^n,  District  of  Columbia  (1). 

Coffinberry,  W.  L.,  Grand  Rapids,  Michigan  (20). 

Cogswell,  George,  Bradford,  Massachusetts  (18). 

Colbert,  E.,  Chicago,  Illinois  (17). 
*CoIe,  Thomas,  Salem,  Massachusetts  (1). 
*Coleman,  Henry,  Boston,  Massachusetts  (1). 

CoUett,  John,  Eugene,  Indiana  (17). 

Cook,  George  H.,  New  Brunswick,  New  Jersey  (18). 

Cooke,  Caleb,  Salem,  Massachusetts  (18). 

Cope,  Edward  D.,  Philadelphia,  Pennsylvania  (17). 

Copes,  Joseph  S.,  New  Orleans,  Louisiana  (11). 
•Coming,  Erastus,  Albany,  New  York  (6). 

Cox,  Edward  T.,  Indianapolis,  Indiana  (19). 

Cramp,  J.  M.,  Wolfville,  Nova  Scotia  (11). 
♦Crosby,  Thomas  R.,  Hanover,  New  Hampshire  (18). 

Culver,  Howard  Z.,  Chicago,  Illinois  (17). 

Cummings,  John,  Wobum,  Massachusetts  (18). 

Cummings,  Joseph,  Middletown,  Connecticut  (18). 

Curtis,  Josiah,  Boston,  Massachusetts  (18). 

Cutting,  Hiram  A.,  Lunenburg,  Vermont  (17). 

D. 

Dall,  William  H.,  Washington,  District  of  Columbia  (18). 

Dahrymple,  E.  A.,  Baltimore,  Maryland  (11). 

Dana,  James  D.,  New  Haven,  Connecticut  (1). 

Danforth,  Edward,  Albany,  New  York  (11). 

Davis,  James,  Boston,  Massachusetts  (1). 

Davis,  N.  S.,  Chicago,  Illinois  (17). 

Dairson,  J.  W.,  Montreal,  Canada  (10). 

Day,  F.  H.,  Wauwatosa,  Wisconsin  (20). 
♦Dean,  Amos,  Albany,  New  York  (6). 

Dean,  George  W.,  FaU  River,  Massachusetts  (16). 
♦Dearborn,  George  H.  A.-S.,  Roxbury,  Massachusetts  (1). 
♦Dekay,  James  E.,  New  York,  New  York  (1). 

Delano,  Joseph  C,  New  Bedford,  Massachusetts  (5). 

De  Laski,  John,  Yinalhaven,  Maine  (18). 

Devereux,  J.  H.,  Cleveland,  Ohio  (18). 
♦Dewey,  Chester,  Rochester,  New  York  (1). 
♦Dexter,  G.  M.,  Boston,  Massachusetts  (11). 

Dinwiddie,  Robert,  New  York,  New  York  (1). 

Dixwell,  Epes  S.,  Cambridge,  Massachusetts  (1). 

Dodd,  C.  M.,  Williamstown,  Massachusetto  (19). 

Doggett,  Kate  N.,  Chicago,  Illinois  (17). 

Doggett,  William  E.,  Chicago,  Illinois  (17). 

Doughty,  John  W.,  Newburgh,  New  York  (19). 

Drowne,  Charles,  Troy,  New  York  (6). 
♦Ducatel,  J.  T.,  Baltimore,  Maryland  (1). 
♦Dumont,  A.  H.,  Newport,  Rhode  Island  (14). 
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^Duncan,  Lucius  C,  New  Orleans,  Louisiana  (10). 

Duncan,  T.  C,  Chicago,  Slinois  (17;. 
«Dunn,  R.  P.,  Providence,  Rhode  Island  (14). 

Dyer,  Elisha,  Providence,  Rhode  Island  (9). 


E. 

Eaton,  D.  G.,  Brooklyn,  New  York  (19). 

Eaton,  James  H.>  Beloit,  Wisconsin  (17). 

Edgar,  George  Ai.,  Franklin,  Kentucky  (20). 

Edwards,  A.  M.,  Newark,  New  Jersey  (18). 

Eimbeck,  William,  St.  Louis,  Missouri  (17). 

EUenwood,  Charles  N.,  San  Francisco,  California  (18). 

Elliott,  EzekielB.,  Washington,  District  of  Columbia  (10). 

Elwyn,  Alfred  L.,  Philadelphia,  Pennsylvania  (1). 

Emerson,  Benjamin  K.,  Amherst,  Massachusetts  (19). 

Emerson,  George  B.,  Boston,  Massachusetts  (1). 

Emerton,  James  H.,  Salem,  Massachusetts  (18). 

Englemann,  George,  St.  Louis,  Missouri  (1). 

Engstrom,  A.  B.,  Burlington,  New  Jersey  (1). 

Ennis,  Jacob,  Philadelphia,  Pennsylvania  (19). 

Eustis,  Henry  L.,  Cambridge,  Massachusetts  (2). 

Evans,  Asher  B.,  Lockport,  New  York  (19). 
*Everett,  Edward,  Boston,  Massachusetts  (2). 
*Ewing,  Thomas,  Lancaster,  Ohio  (6). 


F. 


Fairbanks,  Henry,  St.  Johnsbury,  Vermont  (14). 

Farmer,  Moses  G.,  Salem,  Massachusetts  (9). 

Farnham,  Thomas,  Buffalo,  New  York  (15). 

Fellowes,  R.  S.,  New  Haven,  Connecticut  (18). 

Fenton,  William,  Milwaukie,  Wisconsin  (18). 

Ferrell,  William,  Cambridge,  Massachusetts  (11). 

Ferris,  Isaac,  New  York,  New  York  (6). 

Feuchtwanger,  Louis,  New  York,  New  York  (11). 

Ficklin,  Joseph,  Columbia,  Missouri  (20). 

Fishback,  W.  P.,  St.  Louis,  Missouri  (20). 

Fisher,  Clark,  Trenton,  New  Jersey  (19). 

Fisher,  Davenport,  Annapolis,  Maryland  (17). 

Fisher,  Mark,  Trenton,  New  Jersey  (10). 
•Fitch,  Alexander,  Hartford,  Connecticut  (1). 

Fitch,  Edward  H.,  Ashtabula,  Ohio  (11). 

Fitch,  O.  H.,  Ashtabula,  Ohio  (7). 

Fletcher,  Ingram,  Indianapolis,  Indiana  (20). 
♦Forbush,  E.  B.,  BuflBilo,  New  York  (15). 

Ford,  S.  W.,  Troy,  New  York  (19). 

Forsyth,  Robert,  Troy,  New  York  (19). 
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Foster,  Henry,  Clifton,  New  York  (17). 
Foster,  John,  Schenectady,  New  York  (17). 
Foster,  J.  W.,  Chicago,  Illinois  (1). 
*Foz,  Charles,  Grosse  Isle,  Michigan  (7). 
Freeman,  H.  C,  La  Salle,  Illinois  (17). 
Frothingham,  Frederick,  Buffalo,  New  York  (11). 


G. 


Garman,  S.  W.,  Holly  Springs,  Mississippi  (20). 

Gavit,  John  E.,  New  York,  New  York  (1). 
*Gay,  Martin,  Boston,  Massachusetts  (1). 
•Gihbon,  J.  H.,  Charlotte,  North  CaroUna  (3). 

Gill,  Theodore,  Washington,  District  of  Columbia  (17). 
♦GiUespie,  W.  M.,  Schenectady,  New  York  (10). 

Gilman,  Daniel  C,  Oakland,  California  (10). 
*Gilmor,  Robert,  Baltimore,  Maryland  (1). 

Glazier,  Sarah  M.,  Chelsea,  Massachusetts  (19). 

Goessman,  C.  A.,  Amherst,  Massachusetts  (18). 

Gold,  Theodore  S.,  West  Cornwall,  Connecticut  (4). 

Goodell,  Abner  C,  Jr.,  Salem,  Massachusetts  (18). 
*Gould,  Augustus  A.,  Boston,  Massachusetts  (11). 
«Gould,  B.  A.,  Boston,  Massachusetts  (2). 

Gould,  B.  A.,  Cambridge,  Massachusetts  (2). 
*Graham,  James  D.,  Washington,  District  of  Columbia  (1). 

Gray,  Asa,  Cambridge,  Massachusetts  (1). 
*Gray,  James  H.,  Springfield,  Massachusetts  (6). 

Green,  Traill,  Easton,  Pennsylvania  (1). 
*Greene,  Bei\jamin  D.,  Boston,  Massachusetts  (1). 

Greene,  Dascom,  Troy,  New  York  (17). 

Greene,  Francis  C,  Easthampton,  Massachusetts  (11). 

Greer,  James,  Dayton,  Ohio  (20). 

Gregory,  J.  J.  H.,  Marblehead,  Massachusetts  (18). 
•Griffith,  Robert  E.,  Philadelphia,  Pennsylvania  (1). 

Grimes.  J.  S.,  Waukegan,  Illinois  (17). 

Grinnan,  A.  G.,  Orange  Court  House,  Virginia  (7). 

Griswold,  John  A.,Troy,  New  York  (19). 

Guyot,  Arnold,  Princeton,  New  Jersey  (1). 


H. 


♦Hackley,  Charles  W.,  New  York,  New  York  (4). 

Hadley,  George,  Buffalo,  New  York  (6). 

Hagen,  Hermann  A.,  Cambridge,  Massachusetts  (17). 

Haldeman,  S.  S.,  Columbia,  Pennsylvania  (1). 
*Hale,  Enoch,  Boston,  Massachusetts  (1). 
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Hale,  WiUiam  H.,  Albany,  New  York  (19). 

Hall,  Beiyamin  H.,  Troy,  New  York  (19). 

Hall,  George  E.,  Cleveland,  Ohio  (19). 

Hall,  James,  Albany,  New  York  (1). 

Hail,  L.  B.,  Windsor,  Vermont  (18). 

HaU,  N.  K.,  Buffalo,  New  York  (7). 

Hambly,  J.  B.,  Portsmouth,  Rhode  Island  (18). 

Hamel,  Thomas  E.,  Quebec,  Canada  (18). 

Hamlin,  A.  C,  Bangor,  Maine  (10). 

Hanaman,  C.  E.,  Troy,  New  York  (19). 

Hance,  Ebenezer,  Morris ville,  Pennsylvania  (7). 

Hanover,  M.  D.,  Cincmnati,  Ohio  (13). 
*Hare,  Robert,  Philadelphia,  Pennsylvania  (11). 
•Harlan,  Joseph  G.,  Haverford,  Pennsylvania  (8). 
♦Harlan,  Richard,  Philadelphia,  Pennsylvania  (1). 
♦Harris,  Thaddeus  W.,  Cambridge,  Massachusetts  (1). 

Harrison,  B.  F.,  Wallingford,  Connecticut  (11). 
*Hart,  Simeon,  Farmington,  Connecticut  (1). 

Hart,  WillUm  H.,  Troy,  New  York  (19). 

Hartdhome,  Henry,  Philadelphia,  Pennsylvania  (12). 

Harvey,  Charles  W.,  Greensburg,  Indiana  (20). 

Hawkins,  B.  W.,  New  York,  New  York  (17). 
•Hayden,  H.  H.,  Baltimore,  Maryland  (1). 

Hayes,  George  E.,  Bufl&lo,  New  York  (16). 
♦Hay  ward,  James,  Boston,  Massachusetts  (1). 

Hedrick,  B.  S.,  Washington,  District  of  Columbia  (19). 

Heimstreet,  John  W.,  Troy,  New  York  (19). 

Henry,  Joseph,  Washington,  District  of  Columbia  (1). 

Hilgard,  Eugene  W.,  Oxford,  Mississippi  (11). 

Hilgard,  Julius  E.,  Washington,  District  of  Columbia  (4). 

Hilgard,  Theodore  C,  St.  Louis,  Missouri  (17). 

Hill,  S.  W.,  Hancock,  Lake  Superior  (6). 

Hill,  Thomas,  Portland,  Maine  (8). 

Hinrichs,  Gustavus,  Iowa  City,  Iowa  (17). 

Hitchcock,  Charles  H.,  Hanover,  New  Hampshire  (11). 
♦Hitchcock,  Edward,  Amherst,  Massachusetts  (1). 
♦Holbrook,  J.  E.,  Charleston,  South  Carolina  (1). 

Holley,  A.  L.,  Troy,  New  York  (19). 

HoUey,  George  W.,  Niagara  Falls,  New  York  (19). 

Holley,  Miss  E.  P.,  Niagara  FaUs,  New  York  (20). 

Hohnes,  Thomas,  Merom,  Indiana  (20). 

Homes,  Henry  A.,  Albany,  New  York  (11). 
♦Hopkins,  Albert,  WilUamstown,  Massachusetts  (19). 

Horribin,  WiUiam  T.,  Cohoes,  New  York  (19). 

Horsford,  E.  N.,  Cambridge,  Massachusetts  (1). 
♦Horton,  William,  Craigville,  New  York  (1). 

Hough,  Franklin  B.,  Low  ville.  New  York  (4). 

Hough,  G.  W.,  Albany,  New  York  (15). 
♦Houghton,  Douglas,  Detroit,  Michigan  (1). 
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House,  John  C,  Waterford,  New  York  (19). 

Hovej,  Edmund  O.,  CrawfordsviUe,  Indiana  (20). 

Horey,  Mary  F.,  CrawfordsyiUe,  Indiana  (20). 

Howe,  E.  C,  Yonkere,  New  York  (19). 

Howell.  Robert,  Nichols,  New  York  (6). 

Hoy,  Philo  R.,  Racine,  Wisconsin  (17). 

Hubbard,  Oliver  P.,  New  Haven,  Connecticut  (1). 

Hubbard,  Sara  A.,  Chicago,  Illinois  (17). 
*Hubbert,  James,  Richmond,  Province  of  Quebec  (16). 

Humphrey,  D.,  Lawrence,  Massachusetts  (18).  | 

Humphreys,  A.  W.,  New  York,  New  York  (20).  | 

•Hunt,  E.  B.,  Washington,  District  of  Columbia  (2). 
♦Hunt,  Freeman,  New  York,  New  York  (11).  , 

Hunt,  George,  Providence,  Rhode  Island  (9).  j 

Hunt,  T.  Sterry,  Boston,  Massachusetts  (1).  I 

Huntington,  J.  H.,  Hanover,  New  Hampshire  (19). 

Hyatt,  Alpheus,  Salem,  Massachusetts  (18). 

Hyatt,  James,  Bangall,  New  York  (10). 

Hyatt,  Jonathan,  Morrisania,  New  York  (19). 

I. 

♦Ives,  Thomas  P.,  Providence,  Rhode  Island  (10). 


Jackson,  C.  L.,  Cambridge,  Massachusetts  (20). 

Jasper,  G.  A.,Charlestown,  Massachusetts  (18). 

Jenks,  J.  W.  P.,  Middleboro',  Massachusetts  (2). 

Jillson,  B.  C,  Pittsburg,  Pennsylvania  (14). 
♦Johnson,  W.  R.,  Washington,  District  of  Columbia  (1). 

Johnston,  John,  Middle  town.  Connecticut  (1). 
♦Jones,  Catesby  A.  R.,  Washington,  District  of  Columbia  (8). 

Joy,  C.  A.,  New  York,  New  York  (8). 


K 

Keely,  G.  W.,  WaterviUe,  Maine  (1). 

KeUogg,  Giles  BL,  Troy,  New  York  (19). 

KeUogg,  Justin,  Troy,  New  York  (19). 

Kennedy,  Mary  R.,  St.  Louis,  Michigan  (19). 

Kerr,  W.  C,  Raleigh,  North  Carolina  (10). 

Kimball,  J.  P.,  New  York,  New  York  (16). 

King,  Mary  B.  A.,  Rochester,  New  York  (16). 

Kirkpatrick,  James  A.,  Philadelphia,  Pennsylvania  (7). 

Kirkwood,  Daniel,  Bloomington,  Indiana  (7). 

Kite,  Thomas,  Cincinnati,  Ohio  (6). 
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Klippart,  John  H.,  Columbus,  Ohio  (17). 
Kneelandy  Samuel,  Boston,  Massachusetts  (20). 
Knickerbocker,  Charles,  Chicago,  Illinois  (17). 


L. 

Lambert,  Thomas  B.,  Charlestown,  Massachusetts  (18). 

Langley,  S.  P.,  Allegheny,  Pennsylvania  (18). 

Lapham,  Increase  A.,  Milwaukie,  Wisconsin  (8). 
*Lasel,  Edward,  Williamstown,  Massachusetts  (1). 

Lattimore,  S.  A.,  Bochester,  New  York  (16). 

Lawrence,  Edward,  Charlestown,  Massachusetts  (18). 

Lawrence,  George  N.,  New  York,  New  York  (7). 

Lea,  Isaac,  Philadelphia,  Pennsylvania  (1). 

Leakin,  George  A.,  Baltimore,  Maryland  (17). 

Leckie,  Robert  G.,  Actonvale,  Quebec  (19). 
♦Lederer,  Baron  von,  Washington,  District  of  Columbia  (1). 

Lennon,  W.  H.,  Brockport,  New  York  (19). 

Lesley,  Joseph,  Jr.,  Philadelphia,  Pennsylvania  (8). 

Lesley,  J.  P.,  Philadelphia,  Pennsylvania  (2). 
♦Lieber,  Oscar  M.,  Columbia,  South  Carotina  (8). 
*Lincklaen,  Ledyard,  Cazenovia,  New  York  (1). 

Lindsley,  J.  B.,  Nashville,  Tennessee  (1). 
*Linsley,  James  H.,  Stafford,  Connecticut  (1). 

Little,  George,  Oxford,  Mississippi  (15). 

Locke,  Erie,  Indianapolis,  Indiana  (20). 

Locke,  Luther  F.,  Nashua,  New  Hampshire  (7). 

Lockwood,  Samuel,  Freehold,  New  Jersey  (18). 

Logan,  William  E.,  Montreal,  Canada  (1). 

Lombard,  Benjaipin,  Chicago,  Blinois  (17). 

Loomis,  Elias,  New  Haven,  Connecticut  (1). 
♦Loosey,  Charles  F..  New  York,  New  York  (12). 
♦Lothrop,  Joshua  R.,  Buffalo,  New  York  (16). 

Lovering,  Joseph,  Cambridge,  Massachusetts  (2). 

Lupton,  N.  T.,  Tuscaloosa,  Alabama  (17). 

Lyman,  B.  S.,  Philadelphia,  Pennsylvania  (15). 

Lyman,  Chester  S.,  New  Haven,  Connecticut  (14). 

Lyon,  Henry,  Charlestown,  Massachusetts  (18). 


M. 

Maack,  G.  A.,  Cambridge,  Massachusetts  (18). 
MacArthur,  Charles  L.,  Troy,  New  York  (19). 
Maclntire,  Thomas,  Indianapolis,  Indiana  (20). 
Mack,  David,  Belmont,  Massachusetts '(18). 
Malone,  David  R.,  Edinburg,  Indiana  (20). 
Marcy,  Oliver,  Evanston,  lUinois  (10). 
Marden,  George  H.,  Charlestown,  Massachusetts  (18). 
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*Mar8h,  Dexter,  Greenfield,  Massachusetts  (1). 
♦Mather,  William  W.,  Columbus,  Oliio  (1). 

MHuran,  J.,  New  York,  New  York  (2). 

Mayer,  Alfred  M.,  Hoboken,  Ne^  Jersey  (19). 

Mayhew,  D.  P.,  Ypsilanti,  Michigan  (18). 

Maynard,  George  W.,  Troy,  New  York  (10). 

McCagg,  Ezra  B.,  Chicago,  Illinois  (17). 

McClelhm,  R.  p.,  Troy,  New  York  (19). 
•M'Conihe,  Isaac,  Troy,  New  York  (4). 

McMurtrie,  Horace,  Boston,  Massachusetts  (17). 

McNeil,  J.  A.,  Grand  Rapids,  Michigan  (18). 

McRae,  John,  Camden,  South  Carolina  (8).  • 

McWhorter,  Tyler,  Aledo,  Illinois  (20). 
*Meade,  George  G.,  Philadelphia,  Pennsylyania  (15). 

Means,  A.,  Oxford,  Georgia  (5). 

Meehan,  Thomas,  Germantown,  Pennsylvania  (17). 

Meek,  F.  B.,  Washington,  District  of  Columbia  (6). 

Meigs,  James  A.,  Philadelphia,  Pennsylvania  (12). 

Mendenhall,  T.  G.,  Columbus,  Ohio  (20). 

Merritt,  George,  Indianapolis,  Indiana  (20). 

Metcalf,  Caleb  B.,  Worcester,  Massachusetts  (20). 

Minifie,  William,  Baltimore,  MaryUnd  (12). 

Mitchell,  Maria,  Poughkeepsie,  New  York  (4). 

Mitchell,  William  H.,  Florence,  Alabama  (17). 

Monroe,  William,  Boston,  Massachusetts  (18). 

Moore,  Joseph,  Richmond,  Indiana  (20). 

Morison,  N.  H.,  Baltimore,  MaryUmd  (17). 

Morley,  Edward  W.,  Hudson,  Ohio  (18). 

Morris,  John  G.,  Baltimore,  Maryland  (12). 

Morris,  Oran  W.,  New  York,  New  York  (19). 

Morse,  Edward  S.,  Salem,  Massachusetts  (18). 

Morton,  Henry,  Hoboken,  New  Jersey  (18). 
♦Morton,  S.  G.,  Philadelphia,  Pennsylvania  (1). 

Myers,  W.  H.,  Fort  Wayne,  Indiana  (17). 


N. 


Nason,  Henry  B.,  Troy,  New- York  (18). 
Nelson,  Cleland  K.,  Annapolis,  Maryland  (12). 
Newberry,  J.  S.,-New  York,  New  York  (6). 
Ncwcomb,  Simon,  Washington,  District  of  Columbia  (13). 
Newman,  John  S.,  Indianapolis,  Indiana  (20). 
♦Newton,  E.  H.,  Cambridge,  New  York  (1). 
Newton,  Hubert  A.,  New  Haven,  Connecticut  (6). 
Newton,  John,  Mary-Esther,  Florida  (7). 
Nichols,  Cliarles  A.,  Providence,  Rhode  Island  (17). 
Nichols.  William  R.,  Boston,  Massachusetts  (18). 
Nickel,  George  D.,  Conneilsville,  Pennsylvania  (19). 
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«NicolIett,  J.  N.,  Washington,  District  of  Colambia  (1). 

Niles,  W.  H.,  Cambridge,  Massachusetts  (16). 
♦Norton,  J.  P.,  New  Haren,  Connecticat  (1). 

Norton,  W.  A.,  New  Hayen,  Connecticut  (6). 


o. 

*Oakes,  William,  Ipswich,  Massachusetts  (1). 

CDonneU,  Emma,  Lansingburg,  New  York  (19). 

Ogden,  Mahlon  D.,  Chicago,  Illinois  (17). 

Ogden,  W.  B.,  Chicago,  Illinois  (17). 

Oliver,  James  Edward,  Ithaca,  New  York  (7). 
*01msted,  Alexander  F.,  New  Haven,  Connecticut  (4). 
♦Olmsted,  Denison,  New  Haven,  Connecticat  (1). 
♦Olmsted,  Denison,  Jr.,  New  Haven,  Connecticat  (1). 

Ordway,  John  M.,  Boston,  Massachusetts  (9). 

Orton,  Edward,  Yellow  Springs,  Ohio  (19). 

Orton,  James,  Poughkeepsie,  New  York  (18). 

Osborne,  A.  0.,  WaterviUe,  New  York  (19). 

Osborne,  Ada  M.,  Waterville,  New  York  (19). 


P. 

Packard,  A.  S.,  Jr.,  Salem,  Massachusetts  (16). 

Page,  Peter,  Chicago,  Illinois  (17). 

Paine,  Cyrus  F.,  Rochester,  New  York  (12). 

Paine,  Nathaniel,  Worcester,  Massachusetts  (18). 

Painter,  Minshall,  Lima,  Pennsylvania  (7). 
♦Parkman,  Samuel,  Boston,  Massachusetts  (1). 

Parmelee,  Dubois  D.,  New  York,  New  York  (15). 

Parry,  Charles  C,  Washington,  District  of  Columbia  (6). 

Parvin,  Theodore  S.,  Iowa  City,  Iowa  (7). 

Patton,  WiUiam  W.,  Chicago,  Illinois  (18). 

Peck,  W.  A.,  Troy,  New  York  (19). 

Peckham,  S.  F.,  Providence,  Rhode  Island  (18). 

Peirce,  Bei^amin,  Cambridge,  Massachusetts  (1). 

Peirce,  B.  0.,  Beverly,  MassachusetU  (18). 

Perkins,  George  H.,  Burlington,  Vermont  (17). 

Perkins,  George  R.,  Utica,  New  York  (7). 
♦Perkins,  Henry  C,  Newburyport,  Massachusetts  (18). 

Perkins,  Jr.,  S.  E.,  Indianapolis,  Indiana  (20). 

Perkins,  Maurice,  Schenectady,  New  York  (16). 
♦Perry,  John  B.,  Cambridge,  Massachusetts  (16). 
♦Perry,  M.  C,  New  York,  New  York  (10). 

Phelps,  Almira  L.,  Baltimore,  Maryland  (18). 

Phelps,  Charles  E.,  Baltimore,  Maryland  (18). 

Phippen,  George  D.,  Salem,  Massachusetts  (18). 

Pickering,  Edward  C,  Boston,  Massachusetts  (18). 
A.A.A.S.  yOL.ZZI.  E 
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Pierce,  H.  A.,  Lansingburg,  New  York  (19). 
*Plumb,  Oyid,  Salisbury,  Connecticut  (9). 
•Pope,  Charles  A.,  St.  Louis,  Missouri  (12). 
•Porter,  John  A.,  New  Haven,  Connecticut  (14). 

Pourtales,  L.  F.,  Washington,  District  of  Columbia  (1). 

Pratt,  William  H.,  Davenport,  Iowa  (17). 

Pruyn,  J.  V.  L.,  Albany,  New  York  (1).  J 

*Pugh,  Evan,  Centre  County,  Pennsylvania  (14).  '*' 

Pumpelly,  Raphael,  Cambridge,  Massachusetts  (17). 

Putnam,  Adelaide  M.,  Salem,  Massachusetts  (19). 

Putnam,  F.  W.,  Salem,  Massachusetts  (10). 


Quinche,  A.  J.,* Oxford,  Mississippi  (20). 
Quincy,  Edmund,  Jr.,  Boston,  Massachusetts  (11). 


R. 

Rauch,  J.  H.,  Chicago,  Illinois  (11). 

Raymond.  R.  W.,  New  York,  New  York  (16). 

Read,  Ezra,  Terre  Haute,  Indiana  (20).  i 

Redfleld,  John  H.,  Pliiladelphia,  Pennsylvania  (1).  1 

♦Redfleld,  WiUiam  C,  New  York,  New  York  (1). 

Rice,  William  N.,  Middletown,  Connecticut  (18).  I 

Richardson,  F.  C.  A.,  Chicago,  Illinois  (20). 

Riley,  Charles  V.,  St.  Louis,  Missouri  (17). 

Ritchie,  E.  S.,  Boston,  Massachusetts  (10). 

Robertson,  Thomas  D.,  Rockford,  Illinois  (10). 

Rochester,  Thomas  F.,  Buffalo,  New  York  (15). 

Rockwell,  Alfred  P.,  New  Haven,  Connecticut  (10). 
♦Rockwell,  John  A.,  Norwich,  Connecticut  (10). 

Rockwell,  Joseph  P.,  Boston,  Massachusetts  (17). 

Rogers,  Fairman,  Philadelphia,  Pennsylvania  (11). 
•Rogers,  James  B.,  Philadelphia,  Pennsylvania  (1). 

Rogers,  Robert  E.,  Philadelphia,  Pennsylvania  (18). 

Rogers,  W.  B.,  Boston,  Massachusetts  (1). 

Rood,  0.  N.,  New  York,  New  York  (14). 

Roosevelt,  Clinton,  New  York,  New  York  (11). 

Rumsey,  Bronson  C,  Buffalo,  New  York  (16). 

Runkle,  J.  D.,  Boston,  Massachusetts  (2). 

Russell,  L.  W )  Providence,  Rhode  Island  (20). 

Rutherford,  Louis  M.,  New  York,  New  York  (18). 

Ryerson,  Joseph  T.,  Chicago,  Illinois  (17). 


Digitized  by  VjOOQIC 


THE  ASSOCIATION.  XXXV 


s. 


Safford,  J.  M.,  Lebanon,  Tennessee  (6). 
Safford,  Truman  H.,  Chicago,  Illinois  (18). 
Samson,  George  W.,  New  York,  New  York  (18). 
Sanders,  Benjamin  D.,  Wellsburg,  West  Virginia  (19). 
Saunders,  William,  London,  Canada  (17). 
Scammon,  J.  Young,  Chicago,  Illinois  (17). 
Schanck,  J.  Stillwell,  Princeton,  New  Jersey  (4). 
Schott,  Charles  A.,  Washington,  District  of  Columbia  (8). 
Scudder,  Samuel  H.,  Boston,  Massachusetts  (18). 
Seaman,  Ezra  C,  Ann  Arbor,  Michigan  (20). 
Seely,  Charles  A.,  New  York,  New  York  (18). 
Senter,  Harvej  S.,  Aledo,  Illinois  (20). 
♦Seward,  William  H.,  Auburn,  New  York  (1). 
Seymour,  W.  P.,  Troy,  New  York  (19). 
Shaler,  N.  S.,  Cambridge,  Massachusetts  (19). 
Sheafer,  P.  W.,  Pottsville,  Pennsylvania  (4). 
Sheldon,  Edwin  H.,  Chicago,  Illinois  (17). 

Sherwood,  Andrew,  Mansfield,  Pennsylvania  (18). 

Sias,  Solomon,  Charlotteville,  New  York  (10). 

SiU,  Elisha  N.,  Cuyahoga  Falls,  Ohio  (6).  ' 
♦Silliman,  Benjamin,  New  Haven,  Connecticut  (1). 

Silliman,  Bepjamin,  New  Haven,  Connecticut  (1). 

Silliman,  Justus  M.«  Easton,  Pennsylvania  (19). 

Sloan,  John,  New  Albany,  Indiana  (20). 

Smith,  J.  Lawrence,  Louisville,  Kentucky  (14). 
•Smith,  J.  v.,  Cmcinnati,  Ohio  (5). 
.  Smith,  James  Y.,  Providence,  Rhode  Island  (9). 
♦Smith,  Lyndon  A.,  Newark,  New  Jersey  (9). 

Smith,  Rollin  A.,  Fond-du-Lac,  Wisconsin  (18). 

Snell,  Eben  S.,  Amherst,  Massachusetts  (2). 
^Sparks,  Jared,  Cambridge,  Massachusetts  (2). 

Squier,E.  G.,  New  York,  New  York  (18). 

Ktanard,  Benjamin  A.,  Cleveland,  Ohio  (6). 

Stearns,  R.  E.  C,  San  Francisco,  California  (18). 

Steiner,  Lewis  H.,  Frederick  City,  Maryland  (7). 

Stephens,  W.  H.,  Lowville,  New  York  (18). 

Stevens,  R.  P.,  New  York,  New  York  (18). 

Stimpson,  Frederick  £.,  Boston,  Massachusetts  (18). 

Stimpson,  Thomas  M.,  Peabody,  Massachusetts  (18). 
♦Stimpson,  William,  Chicago,  Illinois  (12). 

Stockwell,  John  N.,  Cleveland,  Ohio  (18). 

Stone,  Samuel,  Chicago,  Iliinois  (17). 

Storer,  D.  H.,  Boston,  Massachusetts  (1). 

Storer,  Frank  H.,  Boston,  Massachusetts  (18). 

Storke,  Helen  L.,  Auburn,  New  York  (19). 
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Stoughton,  T.  M.,  Factory  VUlag^e,  Massachusetts  (18). 
Strawbridge,  William  C,  Elk-View,  PennsylTania  (19). 
♦Sullivant,  W.  S.,  Columbus,  Ohio  (7). 
Swallow,  G.  C,  Columbia,  Missouri  (10). 
Swasey,  Oscar  F.,  Beveriy,  Massachusetts  (17). 


T. 

•Tallmadge,  James,  New  York,  New  York  (1). 

Taylor,  Edward  R.,  Cleyeland,  Ohio  (20). 
^Taylor,  Richard  C,  Philadelphia,  Pennsylvania  (1). 

Tenney,  Sanborn,  WiUiamstown,  Massachusetts  (17). 
*Teschemacher,  J.  E.,  Boston,  Massachusetts  (1). 

Thompson,  Aaron  R.,  New  York,  New  York  (1). 

Thompson,  Harrey  M.,  Chicago,  Illinois  (17). 

Thompson,  Robert  H.,  Troy,  New  York  (19). 
*Thompson,  Z.,  Buriington,  Vermont  (1). 
«Thurber,  Isaac,  Providenoe,  Rhode  Ishmd  (9). 

Tillman,  Mrs.  8.  D.,  Jersey  City,  New  Jersey  (20). 

Tillman,  S.  D.,  Jersey  City,  New  Jersey  (16). 

Tingley,  Joseph,  Greencastle,  Indiana  (14). 

Tolles,  Robert  B.,  Boston,  Massachusetts  (16). 
♦Ton^y,  John,  New  York,  New  York  (1). 
♦Totten,  J.  G.,  Washington,  District  of  Columbia  (1). 

Townsend,  Franklin,  Albany,  New  York  (4). 
^Townsend,  John  K.,  Philadelphia,  Pennsylyania  (1). 

Townshend,  N.  S.,  Avon,  Ohio  (17). 

Tracy,  C.  M.,  Lynn,  Massachusetts  (19). 

Treat,  Joseph,  Vineland,  New  Jersey  (19). 

Trembly,  J.  B.,  Toledo,  Ohio  (17). 
*Troo8t,  Gerard,  Nashville,  Tennessee  (1). 

Trowbridge,  W.  P.,  New  Haven,  Connecticut  (10). 
•Tuomey,  M.,  Tuscaloosa,  Alabama  (1). 

Turner,  R.  S.,  St.  Paul,  Minnesota  (18). 

Tuttle,  Albert  H.,  Cleveland,  Ohio  (17). 

Twining,  A.  C,  New  Haven,  Connecticut  (18). 
*Tyler,  Edward  R.,  New  Haven,  Connecticut  (1). 

Tyson,  Philip  T.,  Baltimore,  Maryland  ( 12) . 

u. 

Uhler,  Philip  R.,  Baltimore,  Maryland  (19). 
Upham,  J.  Baxter,  Boston,  Massachusetts  (14). 


Vail,  Hugh  D.,  Philadelphia,  Pennsylvania  (18). 
*Vancleve,  John  W.,  Dayton,  Ohio  (1). 
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Van  der  Weyde,  P.  H.,  New  Fork,  New  Fork  (17). 
Van  Home,  W.  C,  Chicago,  Illinois  (19). 
*Vanazem,  Lardner,  Bristol,  Pennsylvania  (1). 
Vaux,  William  S.,  Philadelphia,  Pennsylvania  (1). 
Vose,  George  L.,  Brunswick,  Maine  (16). 


w. 


Waddel,  John  N.,  Oxford,  Mississippi  (17). 
♦Wads worth,  James  S.,  Genesee,  New  York  (2). 
♦Wagner,  Tobias,  Philadelphia,  Pennsylvania  (9). 

Walker,  Charles  A.,  Chelsea,  Massachusetts  (18). 

Walker,  George  C,  Chicago,  lUinois  (17). 

Walker,  J.  R.,  New  Orleans,  Louisiana  (19). 
♦Walker,  Joseph,  Oxford,  New  York  (10). 
♦Walker,  Sears  C,  Washmgton,  District  of  Columbia  (1). 
♦Walker,  Tunotliy,  Cincinnati,  Ohio  (4). 

Walling,  H.  F.,  Boston,  Massachusetts  (16). 

Wanzer,  Lra,  Lanesville,  Connecticut  (18). 

Ward,  Henry  A.,  Rochester,  New  York  (18). 

Ward,  R.  H.,*Troy,  New  York  (17). 

Warder,  Robert  B.,  Cleves,  Ohio  (19). 

Wardwell,  George  J.,  Rutland,  Vermont  (20). 

Warner,  James  D.,  Brooklyn,  New  York  (18). 

Warren,  G.  K.,  Washington,  District  of  Columbia  (12). 

Warren,  G.  W.,  Boston,  Massachusetts  (18). 
♦Warren,  John  C,  Boston,  Massachusetts  (1). 

Warren,  S.  Edward,  Boston,  Massachusetts  (17). 

Watson,  William,  Boston,  Massachusetts  (12). 

Webb,  Bei\jamin,  Jr.,  Salem,  Massachusetts  (18). 
♦Webster,  H.  B.  Albany,  New  York  (1). 
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PROFESSOR    ASA    GRAY, 

BX-PBBSIDENT   OF   THE   ASSOCIATION. 


Qbntlembn  of  the  Amebican  Association,  fob  the  Advance- 
ment OF  Sciences  — 

Thb  session  being  now  happily  inaugurated,  your  presiding 
officer  of  the  last  year  has  only'one  duty  to  perform  before  he 
surrenders  his  chair  to  his  successor.  If  allowed  to  borrow  a 
simile  from  the  language  of  my  own  profession,  I  might  liken  the 
President  of  this  Association  to  a  biennial  plant.  He  flourishes 
for  the  yeai^  in  which  he  comes  into  existence,  and  performs  his 
appropriate  functions  as  presiding  officer.  When  the  second 
year  comes  round,  he  is  expected  to  blossom  out  in  an  address 
and  disappear.  Each  President,  as  he  retires,  is  naturally  ex- 
pected to  contribute  something  from  his  own  investigations  or 
his  own  line  of  study,  usually  to  discuss  some  particular  scientific 
topic* 

Now,  although  I  have  cultivated  the  field  of  North  American 
Botany,  with  some  assiduity,  for  more  than  forty  years,  have  re- 
viewed our  vegetable  hosts,  and  assigned  to  no  small  number  of 
them  their  names  and  their  place  in  the  ranks,  yet,  so  far  as  oqr 
own  wide  country  is  concerned,  I  have  been  to  a  great  extent  a 

*  This  discourse  having  been  written  en  route,  from  scanty  notes,  fax  away 
from  books  or  other  means  of  verification,  and  printed  directly  after  delivery  in 
the  "  American  Naturalist/'  and  in  the  "  American  Journal  of  Science  and  the 
Arts/'  as  well  as  elsewhere,  it  has  naturally  happened  that  some  statements 
required  correction  or  qualification.  A  few  alterations  which  seemed  to  be 
needed  are  now  made,  and  an  Appendix  ii(  add^. 
A.  A.  A.  S.  VOL.  XXI.  1 
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closet  botanist.    Until  this  summer  I  had  not  seen  the  Mismssippi, 
nor  set  foot  upon  a  prairie. 

To  gratify  a  natural  interest,  and  to  gain  some  title  for  address- 
ing a  body  of  practical  naturalists  and  explorers,  I  have  made  a 
pilgrimage  across  the  continent.  I  have  sought  and  viewed  in 
their  native  haunts  many  a  plant  and  flower  which  for  me  had 
long  bloomed  unseen,  or  only  in  the  ?iortus  siccus.  I  have  beep 
able  to  see  for  myself  what  species  and  what  forms  constitute  the 
main  features  of  the  vegetation  of  each  successive  region,  and 
record  —  as  the  vegetation  unerringly  does — the  permanent  char- 
acteristics of  its  climate. 

Passing  on  from  the  eastern  dbtrict,  marked  by  its  equably  dis- 
tributed rainfall,  and  therefore  naturally  forest-clad,  I  have  seen 
the  trees  diminish  in  number,  give  place  to  wide  prairies,  restrict 
their  growth  to  the  borders  of  streams,  and  then  disappear  from 
the  boundless  drier  plains ;  have  seen  grassy  plains  change  into 
a  brown  and  sere  desert,  —  desert  in  the  common  sense,  but  hardly 
anywhere  botanically  so ;  have  seen  a  fair  growth  of  coniferous  trees 
adorning  the  more  favored  slopes  of  a  mountain  range  high  enough 
to  compel  summer  showers ;  have  traversed  that  broad  and  bare 
elevated  region  shut  off  on  both  sides  by  high  mountains  from  the 
moisture  supplied  by  either  ocean,  and  longitudinally  intersected 
by  sierras  which  seemingly  remain  as  naked  as  they  were  bom ; 
and  have  reached  at  length  the  westward  slopes  of  the  high  moun- 
tain barrier  which,  refreshed  by  the  Pacific,  bear  the  noble  forests 
of  the  Sierra  Nevada  and  the  Coast  Range,  and  among  them  trees 
which  are  the  wonder  of  the  world.  As  I  stood  in  their  shade, 
in  the  groves  of  Mariposa  and  Calaveras,  and  agun  under  the 
canopy  of  the  commoner  Redwood,  raised  on  columns  of  such 
majestic  height  and  ample  girth,  it  occurred  to  me  that  I  could 
not  do  better  than  to  share  with  you,  upon  this  occasion,  some  of 
the  thoughts  which  possessed  my  mind.  In  their  development 
they  may,  perhaps,  lead  us  up  to  questions  of  considerable  scien- 
tific interest. 

I  shall  not  detain  you  with  any  remarks  —  which  would  now  be 
trite — upon  the  size  or  longevity  of  these  far-famed  Sequoia  trees, 
or  of  the  Sugar  Pines,  Incense-Cedar,  and  Firs  associated  with  them, 
of  which  even  the  prodigious  bulk  of  the  dominating  Sequoia  does 
not  sensibly  diminish  the  grandeur.  Although  no  account  and 
no  photographic  representation  of  either  species  of  the  &r-fiimed 
Sequoia  trees  gives  any  adequate  in^pression  of  their  singular 
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niajesty — still  legs  of  their  beauty  —  yet  my  interest  in  them  did 
not  culminate  merely  or  mainly  in  considerations  of  their  size  and 
age.  Other  trees,  in  other  parts  of  the  world,  may  claim  to  be 
older.  Certain  Australian  Gum-trees  (Eucalypti)  are  said  to  be 
taller.  Some,  we  are  told,  rise  so  high  that  they  might  even  cast 
a  flicker  of  shadow  upon  the  summit  of  the  pyramid  of  Cheops. 
Yet  the  oldest  of  them  doubtless  grew  from  seed  which  was  shed 
long  after  the  names  of  the  pyramid-builders  had  been  forgotten. 
So  &>  as  we  can  judge  from  the  actual  counting  of  the  layers  of 
several  trees,  no  Sequoia  now  alive  can  sensibly  antedate  the 
Christian  era. 

Nor  was  I  much  impressed  with  an  attraction  of  man's  adding. 
That  the  more  remarkable  of  these  trees  should  bear  distinguish- 
ing appellations  seems  proper  enough ;  but  the  tablets  of  personal 
names  which  are  affixed  to  many  of  them  in  the  most  visited 
groves  —  as  if  the  memory  of  more  or  less  notable  people  of  our 
day  might  be  made  more  enduring  by  the  juxtaposition  —  do 
suggest  some  incongruity.  When  we  consider  that  a  hand's 
breadth  at  the  circumference  of  any  one  of  the  venerable  trunks 
so  placarded  has  recorded  in  annual  lines  the  lifetime  of  the  indi- 
vidual thus  associated  with  it,  one  may  question  whether  the  next 
hand's  breadth  may  not  measure  the  fame  of  some  of  the  names 
thus  ticketed  for  adventitious  immortality.  Whether  it  be  the 
man  or  the  tree  that  is  honored  in  the  connection,  probably  either 
would  live  as  long,  in  fsLOt  and  in  memory,  without  it. 

One  notable  thing  about  these  Sequoia  trees  is  their  isolation. 
Most  of  the  trees  associated  ^th  them  are  of  peculiar  species, 
and  some  of  them  are  nearly  as  local.  Yet  every  Pine,  Fir,  and 
Cypress  in  California  is  in  some  sort  familiar,  because  it  has  near 
relatives  in  other  parts  of  the  world.  But  the  Redwoods  have 
none.  The  Redwood — including  in  that  name  the  two  species  of 
"big-trees"  —  belongs  to  the  general  Cypress  &.mily,  but  is  sui 
generis.  Thus  isolated  sytematically,  and  extremely  isolated  geo- 
graphically, and  so  wonderful  in  size  and  port,  they  more  than 
other  trees  suggest  questions. 

Were  they  created  thus  local  and  lonely,  denizens  of  CaUfomia 
only ;  one  in  limited  numbers  in  a  few  choice  spots  on  the  Sierra 
Nevada,  the  other  along  the  coast  range  from  the  Bay  of  Monterey 
to  the  frontiers  of  Oregon?  Are  they  veritable  Melchizedeks, 
without  pedigree  or  early  relationship,  and  possibly  &ted  to  be 
without  descent? 


Digitized  by  VjOOQIC 


4  ADDBBS8   OF   BX-PBESIDENT   6BAT. 

Or  are  they  now  coming  upon  the  stage  —  or  rather  were  they 
coming  but  for  man's  interference  —  to  play  a  part  in  the  future  ? 

Or  are  they  remnants,  sole  and  scanty  survivors  of  a  race  that 
has  played  a  grander  part  in  the  past,  but  is  now  verging  to  ex- 
tinction ?  Have  they  had  a  career,  and  can  that  career  be  ascer- 
tained or  surmised,  so  that  we  may  at  least  guess  whence  they 
came,  and  how,  and  when  ? 

Time  was,  and  not  long  ago,  when  such  questions  as  these  were 
regarded  as  useless  and  vain,  —  when  students  of  natural  history, 
unmindful  of  what  the  name  denotes,  were  content  with  a  knowl- 
edge of  things  as  they  now  are,  but  gave  little  heed  as  to  how  they 
came  to  be  so.  Now,  such  questions  are  held  to  be  legitimate, 
and  perhaps  not  wholly  unanswerable.  It  cannot  now  be  said 
that  these  trees  inhabit  their  present  restricted  areas  simply  be- 
cause they  are  there  placed  in  the  climate  and  soil  of  all  the  world 
most  congenial  to  them.  These  must  indeed  be  congenial,  or  they 
would  not  survive.  But  when  we  see  how  Australian  Eucalyptus 
trees  thrive  upon  the  Califomian  coast,  and  how  these  very  Red- 
woods flourish  upon  another  continent;  how  the  so-called  wild 
oat  (A vena  sterilis  of  the  Old  World)  has  taken  full  possession  of 
California;  how  that  cattle  and  horses,  introduced  by  the  Spaniard!, 
have  spread  as  widely  and  made  themselves  as  much  at  home  on 
the  plains  of  La  Plata  as  on  those  of  Tartary ;  and  that  the  cardoon- 
thistle  seeds,  and  others  they  brought  with  them,  have  multiplied 
there  into  numbers  probably  much  exceeding  those  extant  in 
their  native  lands ;  indeed,  when  we  contemplate  our  own  race, 
and  our  own  particular  stock,  taking  such  recent  but  dominating 
possession  of  this  New  World ;  when  we  consider  how  the  indig- 
enous flora  of  islands  generally  succumbs  to  the  foreigners  which 
come  in  the  train  of  man ;  and  that  most  weeds  (1.6.,  the  prepotent 
plants  in  open  soil)  of  all  temperate  climates  are  not  '^  to  the  manner 
bom,"  but  are  self-invited  intruders,  —  we  must  needs  abandon 
the  notion  of  any  primordial  and  absolute  adaptation  of  plants  and 
animals  to  their  habitats,  which  may  stand  in  lieu  of  explanation, 
and  so  preclude  our  inquiring  any  further.  The  harmony  of 
Nature  and  its  admirable  perfection  need  not  be  regarded  as  in- 
flexible and  changeless.  Nor  need  Nature  be  likened  to  a  statue, 
or  a  cast  in  rigid  bronze,  but  rather  to  an  organism,  with  play  and 
adaptability  of  parts,  and  life  and  even  soul  informing  the  whole. 
Under  the  former  view  Nature  would  be  **  the  faultless  monster 
which  the  world  ne'er  saw,"  but  inscrutable  as  the  Sphinx,  whom. 
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it  were  vaiD,  or  worse,  to  question  of  the  whence  and  whither. 
Under  the  other,  the  perfection  of  nature,  if  relative,  is  multifa- 
rious and  ever  renewed ;  and  much  that  is  enigmatical  now  may 
find  explanation  in  some  record  of  the  past. 

That  the  two  species  of  Redwood  we  are  contemplating  origi- 
nated as  they  are  and  where  they  are,  and  for  the  part  they  are 
now  playing,  is,  to  say  the  least,  not  a  scientific  supposition,  nor 
in  any  sense  a  probable  one.  Nor  is  it  more  likely  that  they  are 
destined  to  play  a  conspicuous  part  in  the  future,  or  that  they 
would  have  done  so,  even  if  the  Indian's  fires  and  the  white  man's 
axe  had  spared  them.  The  Redwood  of  the  coast  (Sequoia  semper- 
virens)  had  the  stronger  hold  upon  existence,  forming  as  it  did 
large  forests  throughout  a  narrow  belt  about  three  hundred  miles 
in  length,  and  being  so  tenacious  of  life  that  every  large  stump 
sprouts  into  a  copse.  But  it  does  not  pass  the  Bay  of  Monterey, 
nor  cross  the  line  of  Oregon,  although  so  grandly  developed  not 
far  below  it.  The  more  remarkable  Sequoia  gigantea  of  the  Sierra 
exists  in  numbers  so  limited  that  the  separate  groves  may  be  reck- 
oned upon  the  fingers,  and  the  trees  of  most  of  them  have  been 
counted,  except  near  their  southern  limit,  where  they  are  said  to 
be  more  copious.  A  species  limited  in  individuals  holds  its  exist- 
ence by  a  precarious  tenure;  and  this  has  a  foothold  only  in  a 
few  sheltered  spots,  of  a  happy  mean  in  temperature,  and  locally 
iavored  with  moisture  in  summer.  Even  there,  for  some  reason 
or  other,  the  Pines  with  which  they  are  associated  (Pinus  Lamber- 
tiana  and  P.  ponderosa),  the  Firs  (Abies  grandis  and  A.  amabilis) 
and  even  the  Incense-Cedar  (Libocedrus  decurrens)  possess  a  great 
advantage,  and,  though  they  strive  in  vain  to  emulate  their  size, 
wholly  overpower  the  Sequoias  in  numbers.  "  To  him  that  hath 
shall  be  given."  The  force  of  numbers  eventually  wins.  At  least 
in  the  commonly  visited  groves  Sequoia  gigantea  is  invested  in  its 
last  stronghold,  can  neither  advance  into  more  exposed  positions 
above,  nor  fall  back  into  drier  and  barer  ground  below,  nor  hold 
its  own  in  the  long-run  where  it  is,  under  present  conditions ;  and 
a  little  further  drying  of  the  climate,  which  must  once  have  been 
much  moister  than  now,  would  precipitate  its  doom.  Whatever 
the  individual  longevity,  certain  if  not  speedy  is  the  decline  of  a 
race  in  which  a  high  death-rate  afflicts  the  young.  Seedlings  of 
the  big  trees  occur  not  rarely,  indeed,  but  in  meagre  proportion  to 
those  of  associated  trees;  and  small  indeed  is  the  chance  that  any 
of  these  will  attain  to  "the  days  of  the  years  of  their  fathers.'* 
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*'  Few  and  evil"  are  the  days  of  all  the  forest  likely  to  be,  while 
man,  both  barbarian  and  civilized,  torments  them  with  fires,  fatal 
at  once  to  seedlings,  and  at  length  to  the  iaged  also.  The  forests 
of  California,  proud  as  the  State  may  be  of  them,  are  already  too 
scanty  and  insufficient  for  her  uses.  Two  lines,  such  as  may  be 
drawn  with  one  sweep  of  a  brush  over  the  map,'  would  cover  them 
all.  The  coast  Redwood  —  the  most  important  tree  in  California, 
although  a  million  times  more  numerous  than  its  relative  of  the 
Sierra — is  too  good  to  live  long.  Such  is  its  value  for  lumber 
and  its  accessibility,  that,  judging  the  future  by  the-past,  it  is  not 
likely,  in  its  primeval  growth,  to  outlast  its  rarer  fetlow-species. 

Happily  mian  preserves  and  disseminates  as  well  as  destroys. 
The  species  will  doubtless  be  preserved  to  science,  and  for  orna- 
mental and  other  uses,  in  its  own  and  other  lands ;  and  the  more 
remarkable  individuals  of  the  present  day  are  likely  to  be  sedu- 
lously cared  for,  all  the  more  so  as  they  become  scarce. 

Our  third  question  remains  to  be  answered :  Have  these  famous 
Sequoias  played  in  former  times  and  upon  a  larger  stage  a  more 
imposing  part,  of  which  the  present  is  but  the  epilogue  ?  We. can- 
not gaze  high  up  the  huge  and  venerable  trunks,  which  one  crosses 
the  continent  to  behold,  without  wishing  that  these  patriarchs  of 
the  grove  were  able,  like  the  long-lived  antediluvians  of  Scripture, 
to  hand  down  to  us,  through  a  few  generations,  the  traditions  of 
centuries,  and  so  tell  us  somewhat  of  the  history  of  their  race. 
Fifteen  hundred  annual  layers  have  been  counted,  or  satis&ctorily 
made  out,  upon  one  or  two  fallen  trunks.  It  is  probable  that  close 
to  the  heart  of  some  of  the  living  trees  may  be  found  the  drcle  that 
records  the  year  of  our  Saviour's  nativity.  A  few  generations  of 
such  trees  might  carry  the  history  a  long  way  back.  But  the 
ground  they  stand  upon,  and  the  marks  of  very  recent  geological 
change  and  vicissitude  in  the  region  around,  testify  that  not  very 
many  such  generations  can  have  flourished  just  there,  at  least  in 
an  unbroken  series.  When  their  site  was  covered  by  glaciers, 
these  Sequoias  must  have  occupied  other  stations,  i^  as  there  is 
reason  to  believe,  they  then  exbted  in  the  l^nd. 

I  have  said  that  the  Redwoods  have  no  near  relatives  in  the 
country  of  their  abode,  and  none  of  their  genus  anywhere  else. 
Perhaps  something  may  be  learned  of  their  genealogy  by  inquiring 
of  such  relatives  as  they  have.  There  are  only  two  of  any  partic- 
ular nearness  of  kin ;  and  they  are  far  away.  One  is  the  Bald 
Cypress,  our  southern  Cypress,  Tazodium,  inhabiting  the  swamps 


Digitized  by  VjOOQIC 


ADBBBSS   OF  BZ-PBBSIDBXT  GBAT,  7 

of  the  Atlantic  coast  from  Maryland  to  Texas,  thence  extending — 
with,  probably,  a  specific  difference — into  Mexico.  It  is  well 
known  as  one  of  the  largest  trees  of  oar  Atlantic  forest-district, 
and,  although  it  never  —  except  perhaps  in  Mexico,  and  in  rare  in- 
stances—  attains  the  portliness  of  its  western  relatives,  yet  it  may 
equal  them  in  longevity.  The  other  relative  is  Glyptostrobus,  a . 
sort  of  modified  Taxodium,  being  about  as  much  like  our  Bald 
Cypress  as  one  species  of  Redwood  is  like  the  other. 

Now  species  of  the  same  type,  especially  when  few,  and  the 
type  peculiar,  are,  in  a  general  way,  associated  geographically,  t.^., 
inhabit  the  same  country,  or  (in  a  large  sense)  the  same  region. 
Where  it  is  not  so,  where  near  relatives  are  separated,  there  is 
usually  something  to  be  explained.  Here  is  an  instance.  These 
four  trees,  sole  representatives  of  their  tribe,  dwell  almost  in  three 
separate  quarters  of  the  world :  the  two  Redwoods  in  California, 
the  feald  Cypress  in  Atlantic  North  America,  its  near  relative, 
Glyptostrobus,  in  China. 

It  was  not  always  so.  In  the  tertiary  period,  the  geological 
botanists  assure  us,  our  own  very  Taxodium  or  Bald  Cypress,  and 
a  Glyptostrobus,  exceedingly  like  the  present  Chinese  tree,  and 
more,  than  one  Sequoia,  co-existed  in  a  fourth  quarter  of  the  globe  9 
viz.,  in  Europe  I  This  brings  up  the  question :  Is  it  possible  to 
bridge  over  these  four  wide  intervals  of  space  and  the  much  vaster 
interval  of  time,  so  as  to  bring  these  extraordinarily  separated 
relatives  into  connection  ?  The  evidence  which  may  be  brought  to 
bear  upon  this  question  is  various  and  widely  scattered.  I  bespeak 
your  patience  while  I  endeavor  to  bring  together,  in  an  abstract, 
the  most  important  points  of  it. 

Some  interesting  facts  may  come  out  by  comparing  generally 
the  botany  of  the  three  remote  regions,  each  of  which  is  the  sole 
home  of  one  of  these  genera,  «.«.,  Sequoia  in  California,  Taxodium 
in  the  Atlantic  United  States,*  and  Glyptostrobus  in  China,  which 
compose  the  whole  of  the  peculiar  tribe  under  consideration. 

Note  then,  first,  that  there  is  another  s6t  of  three  or  four  pecu- 
liar trees,  in  this  case  of  the  Yew  family,  which  has  just  the  same 
peculiar  distribution,  and  which  therefore  may  have  the  same  ex- 

*  The  pfanue,  "  Atlantic  United  States/'  ia  here  nsed  thionghont  in  contra- 
diatinction  to  Pacific  United  States :  to  the  former  of  coone  belongs,  botani- 
callj  and  geographicallj,  the  valley  of  the  Mississippi  and  its  tributaries  np  to 
the  eastern  border  of  the  great  woodless  plains,  wh|ch  constitute  an  intermediate 
region. 
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planatioD,  whatever  that  explanation  be.  The  genus  Torreja, 
which  commemorates  our  botanical  Nestor  and  a  former  President 
of  this  association,  Dr.  Torrey,  was  founded  upon  a  tree  rather 
lately  discovered  (that  is,  about  thirty-five  years  ago)  in  Northern 
Florida.  It  is  a  noble,  yew-like  tree,  and  very  local,  being,  so  far 
as  known,  nearly  confined  to  a  few  miles  along  the  shores  of  a 
single  river.  It  seems  as  if  it  had  somehow  been  crowded  down 
out  of  the  AUeghanies  into  its  present  limited  southern  quarters ; 
for  in  cultivation  it  evinces  a  northern  hardiness.  Now  another 
species  of  Torreya  is  a  characteristic  tree  of  Japan ;  and  one  very 
like  it,  if  not  the  same,  inhabits  the  mountains  of  Northern  China, — 
belongs,  therefore,  to  the  eastern  Asiatic  temperate  region,  of  which 
Northern  China  is  a  part,  and  Japan,  as  we  shall  see,  the  portion 
most  interesting  to  us.  There  is  only  one  more  species  of  Torreya, 
and  that  is  a  companion  of  the  Redwoods  in  California.  It  is  the 
tree  locally  known  under  the  name  of  the  California  Nutmeg. 
Here  are  three  or  four  near  brethren,  species  of  the  same  genus, 
known  nowhere  else  than  in  these  three  habitats. 

Moreover,  the  Torreya  of  Florida  is  associated  with  a  Yew ;  and 
the  trees  of  this  grove  are  the  only  Yew-trees  of  Eastern  North 
America;  for  the  Yew  of  our  northern  woods  is  a  decumbent 
shrub.  A  Yew-tree,  perhaps  the  same,  is  found  with  Taxodium 
in  the  temperate  parts  of  Mexico.  The  only  other  Yews  in  Amer- 
ica grow  with  the  Redwoods  and  the  other  Torreya  in  California, 
and  extend  northward  into  Oregon.  Yews  are  also  associated 
with  Torreya  in  Japan;  and  they  extend  westward  through  Mand- 
churia  and  the  Himalayas  to  Western  Europe,  and  even  to  the 
Azores  Islands,  where  occurs  the  cormmon  Yew  of  the  Old  World. 

So  we  have  three  groups  of  coniferous  trees  which  agree  in  this 
peculiar  geographical  distribution,  with,  however,  a  notable  exten- 
sion of  range  in  the  case  of  the  Yew :  first,  the  Redwoods,  and 
their  relatives,  Taxodium  and  Giyptostrobus,  which  differ  so  as  to 
constitute  a  genus  for  each  of  the  three  regions ;  second,  the  Tor- 
reyas,  more  nearly  akin,  merely  a  different  species  in  each  region ; 
third,  the  Yews,  still  more  closely  related  while  more  widely  dis- 
seminated, of  which  it  is  yet  uncertain  whether  they  constitute 
seven,  five,  three,  or  only  one  species.  Opinions  differ,  and  can 
hardly  be  brought  to  any  decisive  test.  However  it  be  determined, 
it  may  still  be  said  that  the  extreme  differences  among  the  Yews 
do  not  suipass  those  of  the  recognized  variations  of  the  European 
Yew,  the  cultivated  races  included. 
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It  appears  to  me  that  these  several  instances  all  raise  the  very 
same  qnestion,  only  with  different  degrees  of  emphasis,  and,  if  to  be 
explained  at  all,  will  have  the  same  kind  of  explanation. 

Continuing  the  comparison  between  the  three  regions  with 
which  we  are  concerned,  we  note  that  each  has  its  own  species  of 
Pines,  Firs,  Larches,  ifec,  and  of  a  few  deciduous-leaved  trees,  such 
as  Oaks  and  Maples;  all  of  which  have  no  peculiar  significance* 
for  the  present  purpose,  because  they  are  of  genera  which  are 
common  all  round  the  northern  hemisphere.  Leaving  these  out  of 
view,  the  noticeable  point  is  that  the  vegetation  of  California  is 
most  strikingly  unlike  that  of  the  Atlantic  United  States.  They 
possess  some  plants,  and  some  peculiarly  American  plants  in  com- 
mon,—  enough  to  show,  as  I  imagine,  that  the  difficulty  was  not 
in  the  getting  from  the  one  district  to  the  other,  or  into  both  from 
a  common  source,  but  in  abiding  there.  The  primordially  un- 
broken forest  of  Atlantic  North  America,  nourished  by  rainfall 
distributed  throughout  the  year,  is  widely  separated  from  the  . 
western  region  of  sparse  and  discontinuous  tree-belts  of  the  same 
latitude  on  the  western  side  of  the  continent,  where  summer  rain 
is  wanting,  or  nearly  so,  by  immense  treeless  plains  and  plateaux 
of  more  or  less  aridity,  traversed  by  longitudinal  mountain  ranges 
of  a  similar  character.  Their  nearest  approach  is  at  the  north,  in 
the  latitude  of  Lake  Superior,  where,  on  a  more  rainy  line,  trees 
of  the  Atlantic  forest  and  that  of  Oregon  may  be  said  to  inter- 
change. The  change  of  species  and  of  the  aspect  of  vegetation  in 
crossing,  say  on  the  forty-seventh  parallel,  is  slight  in  comparison 
with  that  on  the  thirty-seventh  or  near  it.  Confining  our  atten-' 
tion  to  the  lower  latitude,  «nd  under  the  exceptions  already 
specially  noted,  we  may  say  that  almost  every  characteristic  form 
in  the  vegetation  of  the  Atlantic  States  is  wanting  in  California, 
and  the  characteristic  plants  and  trees  of  Califomia  are  wanting 
here. 

Califomia  has  no  Magno^a  nor  Tulip  trees,  nor  Star-anise-tree ; 
no  so-called  Papaw  ( Asimina)  ;  no  Barberry  of  the  common  single- 
leaved  sort ;  no  Podophyllum  or  other  of  the  peculiar  associated 
genera;  no  Nelumbo  nor  White  •Water-lily;  no  Prickly  Ash  nor 
Sumach ;  no  Loblolly-bay  nor  Stuartia ;  no  Basswood  nor  Linden- 
trees;  neither  Locust,  Honey-locust,  Coffee-trees  (Gymnocladus) 
nor  Yellow-wood  (Cladrastis)*;  nothing  answering  to  Hydrangea 
or  Witch-hazel,  to  Gum-trees  (Nyssa  and  Liquidambar),  Viburnum 
or  Diervilla ;  it  has  few  Asters  and  Golden-rods ;  no  Lobelias;  no 
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Huckleberries  and  hardly  any  Blaeberries ;  no  EpigaBa,  charm  of 
our  earliest  eastern  spring,  tempering  an  icy  April  wind  with  a 
delicious  wild  fragrance ;  no  Kalmia  nor  Clethra,  nor  Holly,  nor 
Persimmon;  no  Catalpa-tree,  nor  Trumpet-creeper  (Tecoma); 
nothing  answering  to  Sassafras,  nor  to  Benzoin-tree,  nor  to  Hick- 
ory ;  neither  Mulberry  nor  Elm ;  no  Beech,  true  Chestnut,  Horn- 
beam, nor  Ironwood,  nor  a  proper  Birch-tree ;  and  the  enumeration 
might  be  continued  very  much  further  by  naming  herbaceous 
plants  and  others  familiar  only  to  botanists. 

In  their  place  California  is  filled  with  plants  of  other  types, — 
trees,  shrubs,  and  herbs,  of  which  I  will  only  remark  that  they  are, 
with  one  or  two  exceptions,  as  different  from  the  plants  of  the 
eastern  Asiatic  region  with  which  we  are  concerned  (Japan,  China, 
and  Mandchuria),  as  they  are  from  tliose  of  Atlantic  North  Amer- 
ica. Their  near  relatives,  when  they  have  any  in  other  lands,  are 
mostly  southward,  on  the  Mexican  plateau,  or  many  as  far  south  as 
Chili.  The  same  may  be  said  of  the  plants  of  the  intervening 
great  plains,  except  that  northward  and  in  the  subsaline  vegetation 
there  are  some  close  alliances  with  the  flora  of  the  steppes  of 
Siberia.  And  along  the  crests  of  high  mountain  ranges  the  arctic- 
alpine  flora  has  sent  southward  more  or  less  numerous  representa- 
tives through  the  whole  length  of  the  country. 

If  we  now  compare,  as  to  their  flora  generally,  the  Atlantic 
United  States  with  Japan,  Mandchuria,  and  Northern  China, — Le.y 
Eastern  North  America  with  Eastern  North  Asia,  half  the  earth's 
circumference  apart,  —  we  find  an  astonishing  similarity.  The 
larger  part  of  the  genera  of  our  own  re^on,  which  I  have  enumer- 
ated as  wanting  in  California,  are  present  in  Japan  or  Mandchuria, 
along  with  many  other  peculiar  plants,  divided  between  the  two. 
There  are  plants  enough  of  the  one  region  which  have  no  repre- 
sentatives in  the  other.  There  are  types  which  appear  to  have 
reached  the  Atlantic  States  fi-ora  the  south ;  and  there  is  a  larger 
infusion  of  subtropical  Asiatic  types  into  temperate  China  and 
Japan;  among  these  there  is  no  relationship  between  the  two 
countries  to  speak  of.  There  are  also,  as  I  have  already  sdd,  no 
small  number  of  genera  and  some  species  which,  being  common 
all  round  or  partly  round  the  northern  temperate  zone,  have  no 
special  significance  because  of  their  occurrence  in  these  two  antip- 
odal floras,  although  they  have  testimony  to  bear  upon  the  general 
question  of  geographical  distribution.  The  point  to  be  remarked 
is,  that  many,  or  even  most,  of  the  genera  and  species  which  are  pe- 
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ouliar  to  North  America  as  compared  with  Europe,  and  largely 
peculiar  to  Atlantic  North  America  as  compared  with  the  Califor- 
nian  region,  are  also  represented  in  Japan  and  Mandchuria,  either 
by  identical  or  by  closely  similar  forms !  The  same  rule  holds  on 
a  more  northward  line,  although  not  so  strikingly.  If  we  compare 
the  plants,  say  of  New  England  and  Pennsylvania  (lat.  45°-47**), 
with  those  of  Oregon,  and  th^n  with  those  of  North-Eastem  Asia, 
we  shall  find  many  of  our  own  furiously  repeated  in  the  latter, 
while  only  a  small  number  of  them  can  be  traced  along  the  route 
even  so  far  as  the  western  ^lope  of  the  Rocky  Mountains.  And 
these  repetitions  of  East  American  types  in  Japan  and  neighboring 
districts  are  in  all  degrees  of  likeness.  Sometimes  the  one  is  un- 
distinguishable  from  the  other ;  sometimes  there  is  a  difference  of 
aspect,  but  hardly  of  tangible  character ;  sometimes  the  two  would 
be  termed  marked  varieties  if  they  grew  naturally  in  the  same 
forest  or  in  the  same  region ;  sometimes  they  are  what  the  botanist 
calls  representative  species,  the  one  answering  closely  to  the  other, 
but  with  some  differences  regarded  as  specific ;  sometimes  the  two 
are  merely  of  the  same  genus,  or  not  quite  that,  but  of  a  single  or 
very  few  species  in  each  country ;  when  the  point  which  interests 
us  is,  that  this  peculiar  limited  type  should  occur  in  two  antipodal 
places,  and  nowhere  else. 

It  would  be  tedious,  and,  except  to  botanists,  abstruse,  to  enumer- 
ate instancei^;  yet  the  whole  strength  of  the  case  depends  upon 
the  number  of  such  instances.  I  propose  therefore,  if  the  Associ- 
ation does  me  the  honor  to  print  this  discourse,  to  append  in  a  note 
a  list  of  the  more  remarkable  ones.*  But  I  would  here  mention 
certain  cases  as  specimens. 

Our  Rhus  Toxicodendron,  or  Poison  Ivy,  is  very  exactly  re- 
peated in  Japan,  but  is  found  in  no  other  part  of  the  world, 
although  a  species  much  like  it  abounds  in  California.  Our  other 
pobonous  Rhus  (R.  venenata),  commonly  called  Poison  Dogwood, 
is  in  no  way  represented  in  Western  America,  but  has  so  close  an 
analogue  in  Japan  that  the  two  were  taken  for  the  same  by  Thun- 
berg  and  Linnaeus,  who  called  them  both  R  Vemix. 

Our  northern  Fox-grape,  Vitis  Labrusca,  is  wholly  confined  to 
the  Atlantic  States,  except  that  it  reappears  in  Japan  and  that 
region. 

The  original  Wistaria  is  a  woody  leguminous  climber  with 

*■  See  Appendix,  I. 
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showy  blossoms,  native  to  the  middle  Atlantic  States ;  the  other 
speoies,  which  we  so  much  prize  in  cultivation,  W.  Sinensis,  is  from 
China,  as  its  name  denotes,  or  perhaps  only  from  Japan,  where  it 
is  certainly  indigenous. 

Our  Yellow-wood  (Cladrastis)  inhabits  a  very  limited  district 
on  the  western  slope  of  the  Alleghanies.  Its  only- and  very  near 
relative,  Maackia,  is  in  Ma^dchuria. 

The  Hydrangeas  have  some  sp'ecies  in  our  Alleghany  region :  all 
the  rest  belong  to  the  Chino^apanese  region  and  its  continuation 
westward.  The  same  may  be  said  of  Philadelphus,  except  that 
there  are  one  or  two  mostly  very  similar  species  in  California  and 
Oregon. 

Our  Blue  Cohosh  (Caulophyllum)  is  confined  to  the  woods  of 
the  Atlantic  States,  but  has  lately  been  discovered  in  Japan.*  A 
peculiar  relative  of  it,  Diphylleia,  confined  to  the  higher  Allegha- 
nies, is  also  repeated  in  Japan,  with  a  slight  difference,  so  that  it 
may  barely  be  distinguished  as  another  species.  Another  relative 
is  our  Twin-leaf  ( Jefiersonia)  of  the  Alleghany  region  alone :  a 
second  species  has  lately  turned  up  in  Mandchuria.  A  relative  of 
this  is  Podophyllum,  our  Mandrake,  a  common  inhabitant  of  the 
Atlantic  United  States,  but  found  nowhere  else.  There  is  one 
other  species  of  it,  and  that  is  in  the  Himalayas.  Here  are  four 
most  peculiar  genera  of  one  family,  each  of  a  single  species  in  the 
Atlantic  United  States,  which  are  duplicated  on  the  other  side  of 
the  world,  either  in  identical  or  almost  identical  species,  or  in  an 
analogous  species,  while  nothing  else  of  the  kind  is  known  in  any 
other  part  of  the  world. 

I  ought  not  to  omit  Ginseng,  the  root  so  prized  by  the  Chinese, 
which  they  obtained  from  their  northern  provinces  and  Mand- 
churia, and  which  is  now  known  to  inhabit  Corea  and  Northern 
Japan.  The  Jesuit  Fathers  identified  the  plant  in  Canada  and  the 
Atlantic  States,  brought  over  the  Chinese  name  by  which  we 
know  it,  and  established  the  trade  in  it,  which  was  for  many  years 
most  profitable.  The  exportation  of  Ginseng  to  China  probably 
has  not  yet  entirely  ceased.  Whether  the  Asiatic  and  the  At- 
lantic American  Ginsengs  are  to  be  regarded  as  of  the  same 
species  or  not  is  somewhat  uncertain,  but  they  are  hardly,  if  at 
all,  distinguishable. 

There  is  a  shrub,  Elliottia,  which  is  so  rare  and  local  that  it  is 

*  Appendix,  11. 
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known  only  at  two  stations  on  the  Savannah  River,  in  Georgia. 
It  is  of  peculiar  structure,  and  was  without  near  relative  until 
one  was  lately  discovered  in  Japan  (Tripetaleia),  so  like  it  as 
hardly  to  be  distinguishable  except  by  having  the  parts  of  the 
blossom  in  threes  instead  of  fours, —  a  difference  which  is  not 
uncommon  in  the  same  genus,  or  even  in  the  same  species. 

Suppose  EUiottia  had  happened  to  be  collected  only  once,  a 
good  while  ago,  and  all  knowledge  of  the  limited  and  obscure 
locality  were  lost ;  and  meanwhile  the  Japanese  form  came  to  be 
known.  Such  a  case  would  be  parallel  with  an  actual  one.  A 
specimen  of  a  peculiar  plant  (Shortia  galacifolia)  was  detected  in 
the  herbarium  of  the  elder  Michaux,  who  collected  it  (as  his  auto- 
graph ticket  shows)  somewhere  in  the  high  Alleghany  Mountains, 
more  than  eighty  years  ago.  No  one  has  seen  the  living  plant 
since  or  knows  where  to  find  it,  if  haply  it  still  flourishes  in  some 
secluded  spot.  At  length  it  is  found  in  Japan ;  and  I  had  the 
satisfaction  of  making  the  identification.*  One  other  relative  is 
also  known  in  Japan ;  and  another,  still  unpublished,  has  just  been 
detected  in  Thibet 

Whether  the  Japanese  and  the  AUeghanian  plants  are  exactly 
the  same  or  not,  it  needs  complete  specimens  of  the  two  to  settle. 
So  far  as  we  know,  they  are  just  alike;  and  even  if  some  difference 
were  discerned  between  them,  it  would  not  appreciably  alter  the 
question  as  to  how  such  a  result  came  to  pass.  Each  and  every 
one  of  the  analogous  cases  I  have  been  detailing — and  very  many 
more  could  be  mentioned  —  raises  the  same  question,  and  would 
be  satisfied  with  the  same  answer. 

These  singular  relations  attracted  my  curiosity  early  in  the 
course  of  my  botanical  studies,  when  comparatively  few  of  them 
were  known,  and  my  serious  attention  in  later  years,  when  I  had 
numerous  and  new  Japanese  plants  to  study  in  the  collections 
made,  by  Messrs.  Williams  and  Morrow,  during  Commodore 
Perry's  visit  in  1853,  and  especially,  by  Mr.  Charles  Wright,  in 
Commodore  Rodgers's  expedition  in  1855.  I  then  discussed  this 
subject  somewhat  fully,  and  tabulated  the  facts  within  my  reach.f 

This  was  before  Heer  had  developed  the  rich  fossil  botany  of 
the  arctic  zone,  before  the  immense*  antiquity  of  existing  species 
of  plants  was  recognized,  and  before  the  publication  of  Darwin's 
now  famous  volume  on  the  "  Origin  of  Species  "  had  introduced 

*  Amer.  Jour.  Science,  1867,  p.  402 ;  Proceed.  Amer.  Acad.,  Tui.  p.  244. 
t  Mem.  Amer.  Acad.,  vol.  yI.  pp.  877-468  (1859). 
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and  familiarized  the  scientific  world  with  those  now  current  ideas 
respecting  the  history  and  vicissitudes  of  species  with  which  I 
attempted  to  deal  in  a  moderate  and  feeble  way. 

My  speculation  was  based  upon  the  former  glaciation  of  the 
northern  temperate  zone,  and  the  inference  of  a  warmer  period 
preceding  and  perhaps  following.  I  considered  that  our  own 
present  vegetation,  or  its  proximate  ancestry,  must  have  occupied 
the  arctic  and  subarctic  regions  in  pliocene  times,  and  that  it  had 
been  gradually  pushed  southward  as  the  temperature  lowered  and 
the  glaciation  advanced,  even  beyond  its  present  habitation ;  that 
plants  of  the  same  stock  and  kindred,  probably  ranging  round 
the  arctic  zone  as  the  present  arctic  species  do,  made  their  forced 
migration  southward  upon  widely  different  longitudes,  and  receded 
more  or  less  as  the  climate  grew  warmer ;  that  the  general  differ- 
-ence  of  climate  which  marks  the  eastern  and  the  western  sides  of 
the  continents  —  the  one  extreme,  the  other  mean  —  was  doubt- 
less even  then  established,  so  that  the  same  species  and  the  same 
sorts  of  species  would  be  likely  to  secure  and  retain  foothold  in 
the  similar  climates  of  Japan  and  the  Atlantic  United  States,  but 
not  in  intermediate  regions  of  different  distribution  of  heat  and 
moisture ;  so  that  different  species  of  the  same  genus,  as  in  Torreya, 
or  different  genera  of  the  same  group,  as  Redwood,  Taxodium,  and 
Glyptostrobus,  or  different  associations  of  forest  trees,  might  estab- 
lish themselves  each  in  the  region  best  suited  to  the  particular  re- 
quirements, while  they  would  fsdl  to  do  so  in  any  other.  These 
views  implied  that  the  sources  of  our  actual  vegetation  and  the 
explanation  of  these  peculiarities  were  to  be  sought  in,  and  pre- 
supposed, an  ancestry  in  pliocene  or  still  earlier  times,  occupying 
the  higher  northern  regions.  And  it  was  thought  that  the  occur- 
rence of  peculiarly  North  American  genera  in  Europe  in  the  ter- 
tiary period  (such  as  Taxodium,  Carya,  Liquidambar,  Sassafras, 
Negundo,  <fcc.)  might  be  best  explained  on  the  assumption  of  early 
interchange  and  diffusion  through  North  Asia,  rather  than  by  that 
of  the  fabled  Atlantis. 

The  hypothesis  supposed  a  gradual  modification  of  species  in 
different  directions  under  altering  conditions,  at  least  to  the  extent 
of  producing  varieties,  sub-species,  and  representative  species,  as 
they  may  be  variously  regarded;  likewise  the  single  and  local 
origination  of  each  type,  which  is  now  almost  universally  taken 
for  granted. 

The  remarkable  facts  in  regard  to  the  Eastern  American  and 
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Asiatic  floras  which  these  speculations  were  to  explain  have  since 
increased  in  nnmber,  more  especially  through  the  admirable  collec- 
tions of  Dr.  Maximowicz  in  Japan  and  adjacent  countries,  and  the 
critical  comparisons  he  has  made  and  is  still  engaged  upon. 

I  am  bound  to  state  that,  in  a  recent  general  work  ""^  by  a  dis- 
tinguished European  botanist,  Professor  Grisebach,  of  Gdttingen, 
these  facts  have  been  emptied  of  all  special  significance,  and  the 
relations  between  th^  Japanese  and  the  Atlantic  United  States 
flora  declared  to  be  no  more  intimate  than  might  be  expected  fiom 
the  situation,  climate,  and  present  opportunity  of  interchange. 
This  extraordinary  conclusion  is  reached  by  regarding  as  distinct 
species  all  the  plants  common  to  both  countries  between  wliich 
any  differences  have  been  discerned,  although  such  differences 
would  probably  count  for  little  if  the  two  inhabited  the  same 
country,  thus  transferring  many  of  my  list  of  identical  to  that  of 
representative  species;  and  then  by  simply  eliminating  from  con- 
sideration the  whole  array  of  representative  species,  i.e.j  all  cases 
in  which  the  Japanese  and  the  American  plant  are  not  exactly  alike. 
As  if,  by  pronouncing  the  cabalistic  word  species^  the  question  were 
settled,  or  rather  the  greater  part  of  it  remanded  out  of  the  domain 
of  science;  as  if,  while  complete  identity  of  forms  implied  commu- 
nity of  origin,  any  thing  short  of  it  carried  no  presumption  of  the 
kind ;  so  leaving  all  these  singular  duplicates  to  be  wondered  at, 
indeed,  but  wholly  beyond  the  reach  of  inquiry.f 

Now  the  only  known  cause  of  such  likeness  is  inheritance ;  and 
as  all  transmission  of  likeness  is  with  some  difference  in  individ- 
uals, and  as  changed  conditions  have  resulted,  as  is  well  known, 
in  very  considerable  differences,  it  seems  to  me  that,  if  the  high 
antiquity  of  our  actual  vegetation  could  be  rendered  probable,  not 
to  say  certain,  and  the  former  haWtation  of  any  of  our  species 
or  of  very  near  relatives  of  them  in  high  northern  regions  could 
be  ascertained,  my  whole  case  would  be  made  out.  The  needful 
facts,  of  which  I  was  ignorant  when  my  essay  was  published,  have 
now  been  for  some  years  made  known,  —  thanks,  mainly,  to  the 
researches  of  Heer  upon  ample  collections  of  arctic  fossil  plants. 
These  are  confirmed  and  extended  by  new  investigations,  by  Heer 
and  Lesquereux,  the  results  of  which  have  been  indicated  to  me  by 
the  latter,  t 

•   *  Die  Vegetation  der  Erde  nach  ihrer  klimatischen  Anordnung.    1871. 
t  See  Appendix  II. 
X  Hefdrence  should  also  be  mnde  to  the  extensive  researches  of  Newberry 
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The  Taxodinm,  which  everywhere  abonnds  in  the  miocene  forma- 
tions in  Europe,  has  been  specifically  identified,  first  by  Gceppert, 
then  by  Heer,  with  our  common  Cypress  of  the  Southern  States. 
It  has  been  found  fossil  in  Spitzbergen,  Greenland,  and  Alaska, 
—  in  the  latter  country  along  with  the  remains  of  another  form, 
distinguishable,  but  very  like  the  common  species;  and  this  has 
been  identified  by  Lesquereux  in  the  miocene  of  the  Rocky  Moun- 
tains. So  there  is  one  species  of  tree  which  has  come  down 
essentially  unchanged  from  the  tertiary  period,  which  for  a  long 
while  inhabited  both  Europe  and  North  America,  and  also,  at  some 
part  of  the  period,  the  region  which  geographically  connects  the 
two  (once  doubtless  much  more  closely  than  now),  but  which  has 
survived  only  in  the  Atlantic  United  States  and  Mexico. 

The  same  Sequoia  which  abounds  in  the  same  miocene  fonna- 
tions  in  Northern  Europe  has  been  abundantly  found  in  those  of 
Iceland,  Spitzbergen,  Greenland,  Mackenzie  River,  and  Alasksi. 
It  is  named  S.  Langsdorfii,  but  is  pronounced  to  be  very  much  like 
S.  sempervirens,  our  living  Redwood  of  the  Califomian  coast,  and 
to  be  the  ancient  representative  of  it.  Fossil  specimens  of  a  sim- 
ilar, if  not  the  same,  species  have  recently  been  detected  in  the 
Rocky  Mountains  by  Hayden,  and  determined  by  our  eminent 
palaaontological  botanist,  Lesquereux ;  and  he  assures  me  that  he 
has  the  common  Redwood  itself  from  Oregon  in  a  deposit  of  ter- 
tiary age.  Another  Sequoia  (S.  Stembergii),  discovered  in  mio- 
cene deposits  in  Greenland,  is  pronounced  to  be  the  representative 
of  S.  gigantea,  the  big  tree  of  the  Califomian  Sierra.  If  the  Tax- 
odium  of  the  tertiary  time  in  Europe  and  throughout  the  arctic 
regions  is  the  ancestor  of  our  present  Bald  Cypress,  —  which  is 
assumed  in  regarding  them  as  specifically  identical,  —  then  I  think 
we  may,  with  our  present  light,  fairly  assume  that  the  two  Red- 
woods of  California  ar.e  the  direct  or  collateral  descendants  of  the 
two  ancient  species  which  so  closely  resemble  them. 

upon  the  tertiary  and  cretaceous  floras  of  the  Western  United  States.  See 
especially  Professor  Newberry's  Paper  in  the  "Boston  Journal  of  Natural 
History,"  vol.  vii.  No.  4,  describing  fossil  plants  of  Vancourer's  Island,  &c. ;  his 
Notes  on  the  Later  Extinct  Floras  of  North  America,  &c.,  in  "  Annals  of  the 
Lyceum  of  Natural  History,"  vol.  ix.,  April,  1868 ;  "  Report  on  the  Cretaceous 
and  Tertiary  Plants  collected  in  Raynolds  and  Hayden's  Yellowstone  and  Mis- 
souri Exploring  Expedition,  1869-1860,"  published  in  1869 ;  and  an  interesting 
article  entitled  "  The  Ancient  Lakes  of  Western  America,  their  Deposita  and 
Drainage,"  published  in  '*  The  American  Naturalist,"  January,  1871. 

The  only  document  I  was  able  to  consult  was  Lesquereux's  Report  on  the 
Fossil  Plants,  in  Hayden's  Report  of  1872. 
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The  forests  of  the  arctic  zone  in  tertiary  times  contained  at 
least  three  other  species  of  Sequoia,  as  determined  by  their  re- 
mains, one  of  which,  from  Spitzbergen,  also  much  resembles  the 
^x>mmon  Redwood  of  California.  Another,  ^^  which  appears  to  have 
been  the  commonest  coniferous  tree  on  Disco,"  was  common  in 
England  and  some  other  parts  of  Europe.  So  the  Sequoias,  now 
remarkable  for  their  restricted  station  and  numbers,  as  well  as  for 
their  extraordinary  size,  are  of  an  ancient  stock :  their  ancestors 
and  kindred  formed  a  large  part  of  the  forests  which  flourished 
throughout  the  polar  regions,  now  desolate  and  ice-clad,  and  which 
extended  into  low  latitudes  in  Europe.  On  this  continent  one 
species,  at  least,  had  reached  to  the  vicinity  of  its  present  habitat 
before  the  glaciation.of  the  region.  Among  the  fossil  specimens 
already  found  in  Califomia,  but  which  our  trustworthy  palae- 
ontological  botanist  has  not  yet  had  time  to  examine,  we  may 
expect  to  find  evidence  of  the  early  arrival  of  these  two  Redwoods 
upon  the  ground  which  they  now,  after  much  vicissitude,  scantily 
occupy. 

Diflerences  of  climate,  or  circumstances  of  migration,  or  both, 
must  have  determined  the  survival  of  Sequoia  upon  the  Pacific, 
and  of  Taxodium  upon  the  Atlantic  coast.  And  still  the  Red- 
woods will  not  stand  in  the  east,  nor  could  our  Taxodium  find  a 
congenial  station  in  Califomia.  Both  have  probably  had  their 
opportunity  in  the  olden  time,  and  failed. 

As  to  the  remaining  near  relative  of  Sequoia,  the  Chinese  Glyp- 
tostrobus,  a  species  of  it,  and  its  veritable  representative,  was 
contemporaneous  with  Sequoia  and  Taxodium,  not  only  in  tem- 
perate Europe,  but  throughout  the  arctic  regions  fi*om  Greenland 
to  Alaska.  According  to  Newberry,  it  was  abundantly  represented 
in  the  miocene  flora  of  the  temperate  zone  of  our  own  continent, 
from  Nebraska  to  the  Pacific. 

Very  similar  would  seem  to  have  been  the  fate  of  a  more 
fiuniliar  gymnospermous  tree,  the  Gingko  or  Salisburia.  It  is  now 
indigenous  to  Japan  only.  Its  ancestor,  as  we  may  fairly  call  it, — 
since,  according  to  Heer,  "it  corresponds  so  entirely  with  the 
living  species  that  it  can  scarcely  be  separated  from  it,"  —  once 
inhabited  Northern  Europe,  and  the  whole  arctic  region  round  to 
Alaska,  and  had  even  a  representative  &rther  south,  in  our  Rocky 
Mountain  district.  For  some  reason,  this  and  Glyptostrobus  sur- 
vive only  on  the  shores  of  Eastern  Asia. 

Libocedrus,  on  the  other  hand,  appears  to  have  cast  in  its  lot 
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with  the  Sequoias.  Two  species,  accordiDg  to  Heer,  were  with 
them  in  Spitzbergen.  L,  decurrens,  the  Incense  Cedar,  is  one  of 
the  noblest  associates  of  the  present  Redwoods.  But  all  the  rest 
are  in  the  southern  hemisphere,  two  at  the  southern  extremity  o% 
the  Andes,  two  in  the  South  Sea  Islands.  It  is  only  by  bold  and 
far-reaching  suppositions  that  they  can  be  geographically  asso- 
ciated. 

The  genealogy  of  the  Torreyas  is  still  wholly  obscure ;  yet  it  is 
not  ^nlikely  that  the  yew-like  trees,  named  Taxites,  which  flour- 
ished with  the  Sequoias  in  the  tertiary  arctic  forests,  are  the  remote 
ancestors  of  the  three  species  of  Torreya,  now  severally  in  Florida, 
in  California,  and  in  Japan. 

Afl  to  the  Pines  and  Firs,  these  were  more  numerously  associ- 
ated with  the  ancient  Sequoias  of  the  polar  forests  than  with  their 
present  representatives,  but  in  different  species,  apparently  more 
like  those  of  Eastern  than  of  Western  North  America,  They  must 
have  encircled  the  polar  zone  then,  as  they  encircle  the  present 
temperate  zone  now. 

I  must  refrain  from  all  enumeration  of  the  angiospermous  or 
ordinary  deciduous  trees  and  shrubs,  which  are  now  known,  by 
their  fossil  remains,  to  have  flourished  throughout  the  polar  regions 
when  Greenland  better  deserved  its  name  and  enjoyed  the  present 
climate  of  New  England  and  New  Jersey.  Then  Greenland  and 
the  rest  of  the  north  abounded  with  Oaks,  representing  the  several 
groups  of  species  which  now  inhabit  both  our  eastern  and  western 
forest  districts  f  several  Poplars,  one  very  like  our  Balsam  Poplar, 
or  Balm  of  Gilead  tree ;  more  Beeches  than  there  are  now,  a  Horn- 
beam, and  a  Hop-Hornbeam,  some  Birches,  a  Persimmon,  and  a 
Planer-tree,  near  representatives  of  those  of  the  Old  World,  at 
least  of  Asia,  as  well  as  of  Atlantic  North  America,  but  all  want- 
ing in  California  ;  one  Juglans  like  the  Walnut  of  the  Old  World, 
and  another  like  our  Black  Walnut ;  two  or  three  Grape-vines,  one 
near  our  Southern  Fox  Grape  or  Muscadine,  another  near  our 
Northern  Frost  Grape ;  a  Tilia,  very  like  our  Basswood  of  the 
Atlantic  States  only ;  a  Liquidambar ;  a  Magnolia,  which  recalls 
our  M.  grandifiora;  a  Liriodendron,  sole  representative  of  our 
Tulip-tree ;  and  a  Sassafras,  very  like  the  living  tree. 

Most  of  these,  it  will  be  noticed,  have  their  nearest  or  their  only 
living  representatives  in  the  Atlantic  States,  and  when  elsewhere, 
mainly  in  Eastern  Asia.  Several  of  them,  or  of  species  like  them, 
have  been  detected  in  our  tertiary  deposits,  west  of  the  Missis- 
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sippi,  by  Newberry  and  Lesquereux.  Herbaceous  plants,  as  it 
happens,  are  rarely  preserved  in  a  fossil  state,  else  they  would 
probably  supply  additional  testimony  to  the  antiquity  of  our  ex- 
isting vegetation,  its  wide  diffusion  over  the  northern  and  now 
frigid  zone,  and  its  enforced  migration  under  changes  of  climate.* 

Concluding,  then,  as  we  must,  that  our  existing  vegetation  is  a 
continuation  of  that  of  the  tertiary  period,  may  we  suppose  that 
it  absolutely  originated  then?  Evidently  not.  The  preceding 
cretaceous  period  has  furnished  to  Carruthers  in  Europe  a  fossil 
jfruit  like  that  of  the  Sequoia  gigantea  of  the  famous  groves,  asso- 
ciated with  Pines  of  the  same  character  aff  those  that  accompany 
the  present  tree ;  has  furnished  to  Heer,  from  Greenland,  two  more 
Sequoias,  one  of  them  identical  with  a  tertiary  species,  and  one 
nearly  allied  to  Sequoia  Langsddrfii,  which  in  turn  is  a  probable 
ancestor  of  the  common  Californian  Redwood ;  has  furnished  to 
Newberry  and  Lesquereux  in  North  America  the  remains  of  another 
ancient  Sequoia,  a  Glyptostrobus,  a  Liquidambar  which  well  repre- 
sents our  Sweet-gum-tree,  Oaks  analogous  to  living  ones,  leaves  of 
a  Plane-tree,  which  are  also  in  the  tertiary  and  are  scarcely  distin- 
guishable from  our  own  Platanus  'qccidentalis,  of  a  Magnolia  and  a 
Tulip-tree,  alid  "  of  a  Sassafras  undistinguishable  from  our  living 
species."  .  I  need  not  continue  the  enumeration.  Suffice  it  to  say 
that  the  facts  justify  the  conclusion  which  Lesquereux  —  a  scrupu- 
lous investigator — has  already  announced:  "that  the  essential 
types  of  our  actual  flora  are  marked  in  the  cretaceous  period,  and 
have  come  to  us  after  passing,  without  notable  changes,  through 
the  tertiary  formations  of  our  continent." 

According  to  these  views,  as  regards  plants  at  least,  the  adap- 
tation to  successive  times  and  changed  conditions  has  been  main- 
tained, not  by  absolute  renewals,  but  by  gradual  modifications.  I, 
for  one,  cannot  doubt  that  the  present  existing  species  are  the 
lineal  successors  of  those  that  garnished  the  earth  in  the  old  time 


*  There  is,  at  least,  one  instance  so  opportune  to  the  present  argument  that 
it  should  not  pass  unnoticed,  although  I  had  overlooked  the  record  until  now. 
Onoclea  sensibilis  is  a  Fern  peculiar  to  the  Atlantic  United  States  (where  it  is 
common  and  wide-spread)  and  to  Japan.  Professor  Newberry  identified  it 
several  years  ago  in  a  collection  obtained  by  Dr.  Ilayden  of  miocene  fossil  plants 
of  Dacotah  Territory,  which  is  far  beyond  its  present  habitat.  He  moreover 
regards  it  as  probably  identical  with  a  fossil  specimen  "  described  by  the  late 
Professor  E.  Forbes,  under  the  name  of  Fillcites  Hebridicus,  and  obtained  by 
the  Duke  of  Argyll  from  the  Island  of  Mull." 
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before  them,  and  that  they  were  as  well  adapted  to  their  sur- 
roundings then,  as  those  which  flourish  and  bloom  around  us  are 
to  their  conditions  now.  Order  and  exquisite  adaptation  did  not 
wait  for  man's  coming,  nor  were  they  ever  stereotyped.  Organic 
nature,  —  by  which  I  mean  the  system  and  totality  of  living  things, 
and  their  adaptation  to  each  other  and  to  the  world,  —  with  all  its 
apparent  and  indeed  real  stability,  should  be  likened,  not  to  the 
ocean,  which  varies  only  by  tidal  oscillations  from  a  fixed  level 
to  which  it  is  always  returning,  but  rather  to  a  river,  so  vast  that 
we  can  neither  discern  its  shores  nor  reach  its  sources,  whose  on- 
ward flow  is  not  less  actual  because  too  slow  to  be  observed  by 
the  ephemercB  which  hover  over  its  surface,  or  are  borne  upon  its 
bosom. 

Such  ideas  as  these,  though  still  repugnant  to  some,  and  not 
long  since  to  many,  have  so  possessed  the  minds  of  the  naturalists 
of  the  present  day,  that  hardly  a  discourse  can  be  pronounced  or 
an  investigation  prosecuted  without  reference  to  them.  I  suppose 
that  the  views  here  taken  are  little,  if  at  all,  in  advance  of  the 
average  scientific  mind  of  the  day.  I  cannot  regard  them  as  less 
noble  than  those  which  they  are  succeeding. 

An  able  philosophical  writer.  Miss  Frances  Power  Cobbe,  has 
recently  and  truthfully  said :  * 

**  It  is  a  singular  fact,  that  when  we  can  find  out  how  any  thing  is  done, 
our  first  conclusion  seems  to  he  that  God  did  not  do  it.  No  matter  how 
wondexful,  how  heautiful,  how  intimately  complex  and  delicate  has  been 
the  machinery  which  has  worked,  perhaps  for  centuries,  perhaps  for  mil- 
lions of  ages,  to  bring  ahout  some  beneficent  result,  if  we  can  but  catdi  a 
glimpse  of  the  wheels  its  divine  character  disappears/^ 

I  agree  with  the  writer  that  this  first  conclusion  is  premature 
and  unworthy, — I  will  add,  deplorable.  Through  what  faults  or 
infirmities  of  dogmatism  on  the  one  hand,  and  scepticism  on  the 
other,  it  came  to  be  so  thought,  we  need  not  here  consider.  Let 
us  hope,  and  I  confidently  expect,  that  it  is  not  to  last;  that 
the  religious  faith  which  survived  without  a  shock  the  notion  of 
the  fixity  of  the  earth  itself  may  equally  outlast  the  notion  of  the 
absolute  fixity  of  the  species  which  inhabit  it ;  that,  in  the  future 
even  more  than  in  the  past,  faith  in  an  orders  which  is  the  basis  of 
science,  will  not  —  as  it  cannot  reasonably — be  dissevered  from 
faith  in  an  Ordainer^  which  v^  the  basis  of  religion. 

*•  Darwinism.in  Morals,  in  Theological  Reyiew,  April,  1871. 
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APPENDIX. 


In  the  following  table  the  names  in  the  left-hand  column  are  from  my 
"  Manual  of  the  Botany  of  the  Northern  United  States,"  and  from  Dr. 
Chapman^B  *'  Flora  of  the  Southern  United  States,"  the  two  together  com- 
prehending the  flora  of  the  Atlantic  United  States  east  of  the  Mississippi 
River.  Alpine  plants  on  the  one  hand,  and  subtropical  plants  on  the  other, 
are  excluded. 

The  entries  in  the  middle  column,  when  there  are  any,  are  of  identical  or 
representatiye  species  occurring  in  Oregon  or  California. 

Those  in  the  right-hand  column  are  of  such  species  in  Japan,  or  other 
parts  of  North-Eastem  Asia,  including  the  Himalayas  and  Siberia  as  far 
west  as  the  Altai  Mountains. 

When  these  are  not  identical,  or  so  closely  related  to  the  American  species 
that  the  one  may  be  said  strictly  to  represent  the  other,  also  when  genera 
or  parts  of  genera  are  adduced  merely  as  representing  the  same  type  in 
these  respective  regions,  the  names  are  included  in  parentheses. 

Species  which  extend  through  Europe  into  North-Eastem  Asia,  and  there- 
fore nearly  round  the  temperate  zone,  are  also  lefl  out  of  view,  the  object 
being  to  exhibit  the  peculiar  relations  of  the  floras  of  Eastern  North 
America  and  Eastern  Temperate  Asia.  The  table  has  been  drawn  up  off- 
hand, from  the  means  within  reach.  Probably  the  examples  might  be 
considerably  increased. 


ExTBA-EuROPKAir  (Temperate)  Geneba  Aim  Species  op  the  AtliAstic  United  States 
(i.«.,  East  of  the  Mississippi)  represented  bt  Identical  or  strictly  Reprb- 
flKNXATivB  Species,  or  else  bt  less  intimately  related  Species  (the  latter 

INCLUDED  IN  PARENTHESES), 


Anemone  Pennsylvanica. 

,,        parviflora. 
Raniincnliu  alismsefbliiis. 

„  Cymbalaria. 

„  Gmelini. 

„  Pennsylvaniciu. 

Trantvetteria  palmata. 
HydiBstia  Canadensis. 
Trolliiis  Americaniis. 
Aconituin  uncinatum. 
Actaea  spicata,  var.  nibra. 

„     «lb.. 
Cixnicifagek  Americana. 


1.  In  the  Pacific  United  States.    2.  In  Norih-Eattem  Asia^  Japan  to 

Altai  and  the  Himalayae, 
Anemone  dichotoma  =  Pennsylvanica. 

,,       parviflora  ? 
Ranunculus  alismsafolius. 

,,  Cymbalaria. 

,,  Gmelini. 

„  Pennsylvanicns. 

Trantvettaria  -palmata. 
Hydrastis  Jesoensis.  [Ledeb. 

TroUius   patulns   rar.  =  Americaniis, 
Aconitum  nnclnatnm  ex  Hook.  f. 
Actsa  spicata,  var.  rubra. 

alba  ? 
Cimicifbga  fcetida,  barely  occurs  in  N. 

Europe  also. 


Ranunculus  alismiefolius. 

,,  Cymbalaria. 

,,  Gmelini. 

„         Pennsylvanicus 
Trantvettaria  palmata. 

Trollius  Americanns  var. 

Actsa  spicata,  var.  arguta. 
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(Cimicifnga  elata.) 

(Cimicifuga  Dahurica  and  §  Pityvfr- 

sperma,  8  spp.) 

IlliciamFloridaoum  &  parviflorum 

niicium  anisatum,  religiosmn,  &c. 

Schizandra  coccinea. 

(Schizandra  nigra,  &c) 

Magnolia,  7  spp. 

(MagnoUa,  8-12  spp.) 

Menispermom  Canadense. 

Menispermum  Dahuricum. 

Caalophyllam  thalictroidea.* 

Caulophyllum  thalictroides. 

Diphylleia  cymosa. 

Diphylleia  Grayi. 

Jeffersonia  diphylla. 

JeflFersonia  =  Plagioifaegma  dnbtsra. 

Podophyllum  peltatum. 

(Podophyllum  Emodi.) 

Brasenia  peltata. 

Brasenia  peltata. 

Brasenia  peltata. 

Nelumbium  lateam. 

Nelumbium  speciosom. 

Stylophorum  diphyllum. 

(Stylophorum  Japooicnm  and  hcta- 
coides.) 

Dicentra  eximia. 

Dicentra  eximia  or  formosa 

(Dicentra  spp.) 

Corydali8.aurea. 

Corydalis  aurea  var. 

Corydalis  aurea  var.,  &c- 

Viola  Selkirkii. 

Vioia  SelkirkiL 

„    Canadensis. 

Viola  Canadensis  var. 

„     Canadensis  var. 

Claytonia  Virginica  &  Caroliniana. 

Claytonia  lanceolata. 

(Claytonia spp,,  Siberia.) 

Elodes  Virginica. 

Elodes  Virginica. 

,,     petiolata. 

„      petiolata. 

Tilia  Americana  (American  type). 

Tilia  sp.,  American  type,  one  of  whidi 

„    heterophylla. 

reaches  Hungary. 

Stuartia,  2  spp. 

(Stuartia,8  spp.) 

Xanthoxylum  spp. 

(Xanthoxylum  spp.) 

Rhus  venenata. 

Rhus  vemicifera,  &c. 

„    Toxicodendron. 

Rhus  diversiloba. 

„    Toxicodendron. 

Vitis  Labrusca. 

Vitis  I^abrusca. 

„    indivisa. 

f,   humuUfolia. 

Ampelopsis  quinquefolia. 

(Ampelopsis  tricuspidata.) 

Berchemia  volnbilis. 

(Berchemia  racemosa,  &c.) 

Sageretia  Micbauxii. 

(Sageretia  therosans.) 

Celastrus  scandens. 

(Celastrus,  5  spp.) 

-fisculus  glabra. 

uEsculus  Chinensis  JcHippocmstanus. 

„       flava  and  Pavia. 

(     ,,        dissimilis. ) 

„       par\'iflora. 

(^sculofi  Californica.) 

(    „        PunduanaWa]!.) 

Acer  spicatum. 

„       spicatum  var. 

„  Pennsylvanicum. 

,,       tegmentosum. 

Negundo  aceroides. 

Negundo  aceroides  Cali- 
fomicum. 

(Negundo  cissifolinm  and  spp.) 

Wistaria  frutcscens. 

WisUria  Sinensis  and  spp. 

Desmodium,  many  spp. 

(Dcsmodium,  several  spp.) 

Lespedeza  spp. 

(Lespedeza  spp.) 

Rhynchosia  spp. 

(Rhynchosia  sp.) 

AmphicarpsBa  monoica. 

( Amphicarpjfia,  5  spp.) 

Thermopsis,  8  spp. 

(Thermopsis  fabacea  &  sp.) 

Thermopsis  fabacea. 

Cladrastis  tinctoria. 

(Maackia  Amurensis.) 

Cassia  spp. 

(Cassia  spp.) 

Gleditschia  triacantha  and  mono- 

Gleditschia  Chinensis,  &C. 

sperma. 

*  See  Appendix,  11. 
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Neptaoia  lotea. 

(Neptnniaspp.) 

Spiraea  (NeiUiR)opuUfolia. 

Spirea  opulifolia. 

(Neillia  spp.,  Himalayas.) 

„     corymbosa. 

„       betnlsefolia. 

Spinea  betulaefolia. 

Keviosa  Alabamensis. 

(Stephanandra,  Kerria.) 

Qeum  macrophyllum. 

Geum  macropfayllnm. 

Geum  Japonicum. 

Potentilla  Pennsylvanica. 

Potentilla  Pennsylvanica. 

Potentilla  Pennsylvanica. 

Rubus  triflorus. 

Rubus  triflorus,  var.  Japonicus. 

„     strigosus. 

RnbuB  strigosQS. 

„      strigosus. 

Pyms  Americana   and  sambuoi- 

Pyrus  sambucifolia. 

Pyrus  Americana  and  sambucifolia. 

folia. 

Amelanehier  Canadensis  and  Tars. 

Amelanehier  Canadensis 

Amelanehier  Canadensis  var. 

Caljcanthus,  8  spp. 

var. 
Calycanthus  occidentalis. 

(Cbimonanthus  fragrans.) 

Ribes  Cynosbati. 

(Ribes  spp.) 

Ribes  Gynosbati. 

„     lacustre. 

„        setosam. 

„     lacustre. 

„     prostratnm. 

,,       laxiflorom. 

„     laxiflorum. 

Philadelphos,  2  spp. 

PhiladelphuB,  2  spp. 

Philadelphus  spp. 

Itea  Virginica. 

(Itea  spp.) 

Hydrangea,  8  spp. 

(Hydrangea,  many  spp.) 

Aitilbe  dccandra. 

Astilbo  Tbunbergii  and  spp. 

Boykinia  aconitifolia. 

Boykinia  occidentaliB  and 

(Boykinia  ?  =  Saxifr.  telUmioides 

elata. 

Maxim.) 

Mitella  nnda. 

Mitella  nada. 

Mitella  nnda,  Siberia. 

„      dlphylla. 

(Mitella  $Mitellastra,&c., 
spp.) 

(Mitella  §  Mitellastra,  sp.) 

Tiarella  cordifolia. 

Tiarella  unifoliata. 

Tiarella  polyphylla. 

Penthomm  sedoides. 

Penthomm  sedoides  ?  s  Cbinense  and 
humile. 

Hamamelis  Virginica. 

Hamamelis  Japonica,  &c 

Fothergilla  ainifolia. 

(Corylopsis  spp.,  &o.) 

Heracleum  lanatum. 

Heracleum  lanatnm. 

Heracleum  lanatum. 

Afchangelica  Gmelini. 

Archangelica  Gmelini. 

Archangelica  Gmelini. 

Siinn  lineare. 

Slum  cicutaefolium. 

Cryptotania  Canadensia. 

Cryptotienia  Canadensis. 

Archeniora,  2  spp. 

(Peucedanum  ?  Sieboldii.) 

Oamorrhiza  longiatylis  and  brevi- 

Osmorrhiza  longistylis^&c. 

Osmorrhiza  longistylis,  &c. 

Btylis. 

Alalia  spinosa. 

Aralia  spinosa  var. 

„      racemosa. 

Aralia  bamilis. 

„      edulis,  &o. 

„     nudicauHs. 

(  „      cordata.) 

„      (Ginseng)  quinquefolia. 

„      repens,  Ginseng,  &c. 

Comus  Canadensis. 

Comas  Canadensis. 

Comns  Canadensis. 

„      floriSa. 

„      NuttaUii. 

Benthamia  spp. 

„      stolonifera 

alba. 

Dienrilla,  2  spp.                           * 

(Diervilla  §  Weigela,  spp.) 

Triosteam,  2  spp. 

Triosteum  sinuatum  and  Himalaicum. 

Viburnam  lantanoidea. 

Yiburaum  lantanoides  (and  related 
species). 

„        dentatnm  &  pnbescens. 

Yibomum  ellipticam. 

„          dilatatum,  &c. 

Mitchetla  repens. 

Mitchella  undulata. 

Adenocauion  bicolor. 

Adenocanlon  bicolor. 

Adenocaulon  adbsBrescens. 
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Boltonia  8pp. 

(Boltonia  spp.) 

Aster  §  Biotia,  coiTmbosiui,  &  spp. 

Aster  §  Biotia,  corymbosns,  and  spp. 

„     §  Conyzopsis,  angvstus. 

Aster  angostus. 

„  angnstus  =  Brachyactis  ciliata 
Ledeb. 

Artemisia  Canadensis. 

Artemisia  Canadensis  ?  —  cornmntata. 

f,         biennis. 

„           biennis. 

„        biennis. 

„        frigida. 

frigida. 

„        frigida. 

Senecio  psendo-arnica. 

* 

Senecio  pseudo-arnica. 

NabaluB  spp. 

(Nabalus  ochroleacos,  acerifbllas.) 

Cacalia  spp. 

(Cacalia  spp.) 

Mnlgediam  pnlchellam. 

Mnlgediam  pnlchellnm. 

Mnlgediam  Sibiricam. 

Vaccinium  §  Oxyooccus  macro- 

Vaccininm  macrooarpnm,  forma  am- 

carpum. 

bigna.* 

)i                  1,  eiythrooarpuni. 

„  Japonicom  (ab  erythrocarpo 
vix  diflferL) 

„           §  Batodendron,  2  spp. 

„           §  Cyanococcos,  15  spp. 

(  „  §  Cyanococcus,  one  sp.  near 
Pennsylvanicum. ) 

ff          ovalifollam. 

Yaccinnm  ovalifoliam. 

„         ovalifoliam. 

Chiogenes  hispidula. 

Chiogenes  hispidala. 

Epigsca  repens. 

Epigaea  Asiatica. 

Gaultheria  procnmbens. 

Craaltheria  pyroloides. 

Lencothoe  axillaris  and  Catesbaei. 

Leucothoe  Keiskei. 

„        racemosa  and  recurva. 

(      „         Grayana  and  TschonoekiL) 

Andromeda  §  Portona  floribanda. 

(Andromeda  §  Portana  sp.) 

„           §  Pieris  spp. 

(        „          i  Pieris  spp.) 

Clethra,  2  spp. 

(Clethra  sp.) 

Menziesia  ferruginea,  var.  globn- 

laris. 
Rhododendron  Catawbiense. 

Menziesia  globularis. 

Menziesia  pentandra  and  otbeia. 

Rhododendron  Califomi- 

(Rhododendron  brachycarpon.) 

t*            znaximnm* 

cum. 

(       „              Mettemichu.) 

„            puDCtatum. 

(       „              Keiskei.) 

Rhodora  Canadensis. 

(       M              spp.) 

Azalea,  4  8pp. 

(Azalea  oocidentalis). 

(Azalea  spp.) 

Elliottia  racemosa. 

Tripetaleia  panicolata  and  braeteata. 

Pyrola  elliptica. 

Pyrola  elliptica. 

Monotropa  nniflora. 

Monotropa  nniflora. 

Shortia  galacifolia. 

Shortia  galacifolia  =  Schizooodon  nni- 
floras. 

Ilex  §  Prinos  spp. 

(Bex  §  Prinos  spp.) 

Diospyros  Virginiana. 

(Diospyros  spp.)                ^ 

*  "  Ob  flores  rarera  termlDalM,  bncteolas  linttari-Ianoeolatu  searioflas  et  Iblia  acuta,"  Dr.  Mazlmoirict  (in 
Mel.  Blolog.  Diagn.  dacas  12)  reftn  this  to  V.  Ozyooeoos,  instead  of  to  Y.  macrocarpum,  which  k  "aemper  baaa 
distinctum  floribua  axUlaribas,  bracteoUB  OTatis  foUaods  et  folils  obtn^."  But  in  one  of  my  apedmeM  tba  axi» 
tof  the  umbel  is  oontinued  into  a  leafy  shoot,  as  in  Y.  maorooarpnm ;  and  the  bracteoto  rtaj  from  linaar  to  otate, 
and  from  thin  and  ecarioos  to  ohartaeeous  or  coriaoeous  in  both  species :  tiiey  ate  nerer  (so  &r  as  I  know)  **  tA- 
aoeous  "  in  Y.  macrocarpum,  but  the  bracteas  sometimes  are.  The  learea  are  sometimes  acutiah  in  the  lattar,  and 
alao  Tery  obtuse  in  Y.  Oxyooccus ;  in  the  Japaneae  specimens  under  consldaration  they  axe  often  half  an  iivh 
in  length.  I  must  add  that  In  the  length  of  the  filaments  they  aocordl  with  the  character  which  I  ^Trigninl  to 
V.  Ozycoccus  in  the  lianual.    In  ftot,  a  form  oomblnhig  the  oharaoters  of  the  two  species  sonrlTes  in  Japan. 
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Symplocos  sp. 
Tecoma  radicans. 
Catalpa  bignonioidea. 
Yeronica  Virginica. 
Gallicarpa  Americana. 
Phrjniia  Leptostachya. 
Lycopas  Virg^nicnB. 
Tencriam  Canadense. 
Hedeoma,  4  spp. 
Lopfaanthus  spp. 
Scutellaria  (nuoulis  alatis)  nervosa. 
Halenia  deflexa. 
Phlox  subulata. 
Gelaemium  aemperTirens. 
Mitreola,  2  spp. 
Apocynum  androssmifoljnm. 


Lycopus  Virginicus. 


Lophanthns  spp. 


( Phlox Donglasii  and  spp.) 


Apocynum    androssmi- 


(Symplocosspp.) 

Tecoma  grand iflora. 

Cfttalpa  Kiempferi. 

Veronica  Virginica. 

(Callicarpa,  8  spp.) 

Phryma  Leptostachya. 

Lycopus  parviflorus. 

Teucrium  Japonicnm. 

(Hedeomasp.) 

(Lophanthussp.) 

Scutellaria  (nucolis  alatis)  Guilielmi.* 

Halenia  Sibirica,  and  spp. 

Phlox  Sibirica. 

(Gelsemium  elegans. ) 

Mitreola  oldenlandioides. 

(Apocynum  venetum.) 


Amsonla  Tabemsemontana. 

folium. 

(Amsonia  elliptica.) 

Aaarnm  Vii^nicum  &  arifolium. 

Asanim  caudatum. 

Asarum  variegatum  and  Blumei. 

„     Canadense. 

„      caulescens  and  Sieboldii. 

Phjtolaoca  decandra. 

Phytolacca  K«mpferi,  &c. 

Corispermmn  hyssopifolinm. 

Corispermum  hyssopifolinm. 

Polygonum  arifolium. 

Polygonum  perfoliatum. 

„           sagittatum. 

sagittatum  and  Sieboldii. 

Sassaiifls  officinale. 

(Lindera  tnloba,&c.) 

Lindera  Benzoin,  &c 

„      hypoglauca,  &c. 

Tetranthera  geniculata. 

(Tethranthera     CaUfbr- 

nir>A  \ 

(Tetranthera  spp.) 

Pyrnlaria  oleifara. 

IllCn./ 

(Pyrnlaria  =  Sphaerocarya  spp.) 

SauTurus  cemuus. 

Saururus  Loureiri. 

Stillingia  spp. 

(Stillingia  spp.) 

Pachysandra  prooumbens. 

Pachysandra  terminalis. 

Planera  aqnatica. 

Planera  Japonica  (and  Bichaidi). 

Madura  gerontogsea. 

Pilea  pumila. 

Pilea  pumila. 

Laportea  Canadensis. 

Laportea  eyitata,  &o. 

Bcelikneria  cylindrica. 

(BoBhmeria  spp.) 

Parietaria  debUis. 

Parietaria  debilis. 

Jnglans  nigra. 

(Juglans  mpestris.). 

(Juglans  regia.) 

•  SCUTBLLABIA  OuiLlELMi  u.  8p.  Perilomioldes :  slender,  branched  from  the  bue,  stoIonilisrouB  ?  leaves 
mfembnuuoeons,  minutely  pubescent,  orenately  dentate,  the  lower  round-cordate  and  slender-petioled,  the  others 
orato  or  oblong  with  rounded  or  trnncate^baae  and  short-petioled,  the  floral  similar  bat  gradually  smaller ;  flowers 
solitary  in  the  axils ;  peduncles  about  the  length  of  the  calyx ;  corolla  (*'  light  purple,"  only  three  lines  long) 
hardly  more  than  twice  the  length  of  the  calyx,  its  lips  of  nearly  equal  length ;  nutlets  surrounded  by  an  abrupt 
and  reflexed  denticulate  wing,  upper  ftce  of  ttie  disk  muricate,  the  lower  as  if  squamellate.  S.  hederaeta  t  Gray, 
In  Perry^s  Japan  Bxped.  iii.  p.  816,  &  Bot.  Contrib.  Proc.  Amer.  Acad.  Tiii.  p.  870,  not  of  Kunth  and  Bonchd. 
It  appean  from  a  note  by  Yatke,  in  Bot.  Zeit.,  1872,  p.  717,  that  8.  hederaoea  is  identical  with  the  Tasmanlan  8. 
humlls,  and  its  nutlets  were  originally  described  as  echinulate-tuberculate,  and  by  implication  wingless.  So  our 
plant  may  be  named  in  honor  of  Dr.  8.  W.  Williams,  who  first  collected  a  little  of  it  at  Bimoda,  Japan.  Better 
and  fruiting  specimens  were  gatliered  on  the  Loo-Oboo  Islands,  by  Oharles  Wright. 
A.  A.  A.  8.  TOL.  XXI.  4 
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JuglaQS  cinerea. 
Corylas  rostrata. 
Betula  glandulosa. 

„      nigra. 
AInuB  maritima. 
Myrica  cerifera. 
Pinus  resinosa. 
,,     StrobuB. 
Abies  Canadensis. 
Thuja  occidental  is. 
Tbxodium  disttcham. 
Cnpressus  (Chamuecyparia)  thuy- 

oidefl. 
Taxus  Canadensis. 
Torreya  taxifolia. 
Arisiema,  8  spp. 
Symplocarpus  foetidus. 

Listen  australis. 
Arethusa  bnlbosa. 
Pogonia  ophioglossoides. 
Microstylis  ophioglossoides. 
Liparis  liliifolia. 
C3rpripediuin  acanle. 
Habenaria  virescens. 
Aletris  farinosa  and  anrea. 
Iris  cristnta. 
DIoscorea  villosa. 
Smiiaz  hispida. 

,,     herbacea  and  pedancularis. 

„     tamnifolia. 
Croomia  pauciflora. 
Trillium  grand iflorum. 
•      „       erectum. ' 
Tofieldia  glutinosa  and  pubens. 
Helonias  bnllata. 

ChamiBliriam  Inteom. 
ZygadenuB,  8  spp. 
Streptopus  roseus. 
Prosartes  lanuginosa. 
Clintonia  borealis. 
Polygonatum  giganteum. 
Smilacina  trifolia. 

„       racemosa. 

„       stellata. 
Eiythronium   Americanum   and 

albidum. 
Narthecium  Americannm. 
ScirpuB  Eriophorum. 
Carex  rostrata. 


Cor}'luB  rostrata  var. 


Myrica  Califomica. 

Pinus  monticola. 
Abies  Mertensiana. 
Thuja  gigantea,  &c. 

C.  Nutkieensis. 

Taxus  brevifolia. 
Torreya  Californica. 

(Lysichiton  Camschats- 
cense.) 


Trillium  oboyatum. 


Zygadenns  glaucos,  &o. 
Streptopus  rosens. 
Prosartes  Hookeri,  &c 
Clintonia  oniflora. 


Smilacina  racemosa  var. 

„         stellata. 
Eiythronium    grandiflo> 

rnm. 


Juglans  Mandchuricaf  stenocarpa. 

Corylus  rostrata,  var.  Mandchnrica. 

Betula  glandulosa. 

(    „     ulmifolia,  &o. ) 

Alnos  maritima. 

(Myrica  Nagi.) 

(Finns  densiflora,  &c) 

„     excelsa. 
Abies  Tsuga  and  diversifolia. 
Thuja  Japonica. 
(Glyptostrobus  heterophyllas.) 
C.  pisifera,  obtusa,  &c. 

Taxus  cuspidata. 

Torreya  nucifera  and  grandis. 

Ariseema,  9  spp. 

Symplocarpus  foetidus  ?  and  Lysichi- 
ton Camscfaatscense. 

(Listera  Japonica,  &c.) 

(Arethusa  Japonica. ) 

Pogonia  ophioglossoides. 

(Microstylis  Japonica.) 

Liparis  liliifolia  ? 

(Cypripedinm  Japonicnm.) 

Habenaria  fiicescens. 

Aletris  Japonica. 

Iris  tectorum  =  cristata  Mig. 

(Dioscorea  spp.) 

Sm&ax  SieboldiL 

,,      herbacea  =  Nipponica. 

<     „      higoensis.) 

Croomia  pauciflora. 

Trillium  obovatum. 
„       erectum  var. 

(Tofieldia  Japonica  and  nutans.) 

Heloniopsis   pauciflora,   bieviscapa, 
Japonica. 

Chamffilirium  luteum. 

(Zygadenus  Japonicna.) 

Streptopus  roseus. 

Prosartes  viridescens,  &c. 

Clintonia  Udensis. 

Polygonatum  giganteum. 

Smilacina  trifolia. 
„         Japonica. 
„        Davarica. 

Erytbronium  grandiflomm. 

Narthecium  Asiaticnm. 
Scirpus  Eriophorum. 
Carex  rostrata. 
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Carex  stipata. 
Zizania  aqaatica. 
Amndinaria  macrospenna. 
A-v^ena  striata  and  Smithii. 
Adiantam  pedatum. 
Pellaea  gracilis. 
Aspidiam  fragrans. 
Aspleniam  thelvpteroides. 
Camptosonu  rhizophyllos. 
Onoclea  sensibilis. 
Osmunda  cinnamonea. 
rt        ClnytoniRDa. 
Jjygadlum  palmatmn. 
Botrychium  Virginicnm. 
Lycopodiam  Inddulom. 
,,  deDdroideum. 


Carex  stipata. 


Adiantnm  pedatam. 


Carex  stipata. 

Zizania  =  Hydropymm  latifolium. 

(Amndinaria  Japonica.) 

Avena  callosa. 

Adiftntnm  pedatum. 

Pellsea  Stelleri  =  gracilis. 

Aspidinm  fragrans. 

Aspleniam  thelypteroides. 

CamptosoruB  Sibiricus. 

Onoclea  sensibilis. 

Osmunda  cinnamonea. 

f,        Clayton  iana. 
(Lygodinm  Japonicum.) 
Botrychium  Vlrginicum. 
Lycopodium  lucid ul urn. 

,,  dendroideum. 


It  appears  that  two-thirds  of  the  middle  column  is  blank  ;  viz.,  that  only 
a  third  of  the  species  or  forms  which  are  more  or  less  peculiar  to  Temperate 
Atlantic  North  America  (uc,  east  of  the  Mississippi  and  south  of  the  Great 
Lakes  and  the  St  Lawrence)  and  to  Temperate  Eastern  Asia,  are  repre- 
sented in  Oregon  and  California.  Moreover,  eighty  of  the  genera  here 
treated  of  are  peculiar  to  North  America  and  Temperate  Asia  .*  and  sixty- 
three  (i.e.,  more  than  three-quarters)  of  these  are  not  met  with  in  Western 
North  America. 

This  Table  may  be  compared,  or  rather  contrasted,  with  the  following  one. 
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EZTRA-EUROPBAN    PULIVTS    OP    TSHPERATB    EUSTERN    AsiA    WHICH    ARB     BKPB*- 
SENTED    IDEHTICAL.LY    OR    BY    SOME    NEAR    RRLATIYE    IH  OrBGOS  (SoUTH  OF 

Lat.  48°)  OR  Califormia  (  Arctic- Alpine  Plants  excluded),  but  kot  im 
THE  Atlantic  United  States:  — 


Thalictrum  spaniflornm. 
Bannnculas  affinia. 
Coptis  occidentalis. 

„      brachypetala  and  Teeta. 
Aconitum  delphmifollum. 
PcBonia  spp. 
Berberis  §  Mahonia  spp. 
Epimediam  §  Aceranthas  sp. 
Achlys  Japonico. 
Corydalls  pseonuBfolia. 
MoDhringia  umbrosa. 
Linam  perenne. 
Thermopsiis  fabacea. 
Astragalus  adsurgens. 
ChamsBrhodos  erecta. 
Spiraea  callosa. 
Babus  spectabilis. 
Pyrus  rivularifl  ? 
Cratasgus  sanguinea. 
Rosa  Kamtschatica. 
Photinia  arbutifolia. 
Saxifraga  Sibirica. 
Mitella  §  Mitellnria  spp. 
Glehnia  littoralis. 
Oplopanax  horrida. 
Echenais  carlinoides. 
Lonicera  Maximowiczii. 
Gaultberia  adenothrix. 
Rhododendron  ovatum  and  semibar- 

batnm. 
Pyrola  sabaphylla. 
Villarsia  Crista-galli. 
LycopuD  lucidus. 
Boschniakia  glabra. 
Echinospermum  patulum. 

„  Redowakii. 

nottuynia  cordata. 
Qaercus  spp. 
Castanopsis  spn. 
Lysichiton  Camtochatcense. 
Erythronium  grandiflorum. 
Carex  macrocephala. 
Triticum  legilopoides. 
Elymus  Sibiricus. 
Abies  Menziesij. 
Woodwardia  radicans. 


Tbalictmm  sparsiflonmL 
Rananculls  affinia. 
Coptis  occidentalis. 
„      aspleoifblia. 
Aconltnm  delphinifolium. 
(PawniaRossii.) 
(Berberis  §  Mahonia  spp.) 
(Vanoouveria  hexandra.) 
Achlys  triphylla. 
Ck)rydali8  peeoniasiblia. 
Mcchringia  macrophylla. 
Linnm  perenne. 
Thermopsis  fabaoea. 
Astragalus  adsuigens. 
Chamserhodos  erecta. 
Spinea  Kobleana. 
Rubus  spectabilis.  • 
Pyms  rivnlaris. 
Cratsgns  DouglasiL 
Rosa  Kamtschatica. 
(Photinia  semilata.) 
Saxifraga  Sibirica. 
(Mitella  §  Mitellaria  spp.) 
Glehnia  littoralis. 
Oplopanax  horrida. 
Echinais  carlinoides. 
Lonicera  Breweri. 
Graultheria  Myrsinites. 
Rhododendron  albiflorum. 

Pyrola  aphylla. 
Villarsia  Crista-galli. 
Lycopus  lucidus. 
Boschniakia  glabra. 
Echinospermam  patulnm. 

„  Bedowskii. 

Anemiopsis  Califomica. 
(Quercus  densiflora.) 
(Castanopsis  chr^'sophylla.) 
Lysichiton  Camtachatcense. 
Erythronium  grandiflomm. 
Carex  macrocephala. 
Triticum  segilopoides. 
Elymus  Sibiricus. 
Abies  Menziesii. 
Woodwardia  radicans. 
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The  entries  are  only  forty-five ;  and  the  representation,  when  at  all  close, 
is  by  identical  or  nearly  identical  species.  Only  seven  of  the  genera  here 
noted  are  peculiar  to  North-Eastem  Asia  and  North- Western  America :  viz., 
Glehnia,  Oplopanax,  and  Lysichiton,  each  of  a  single  species  common  to 
both  coasts ;  Achlyff,  of  which  there  is  a  Japanese  species  said  to  differ  from 
the  American;  Boschniakia,  of  ^  common  high  northern  species,  and  a 
peculiar  one  in  California ;  Echinais,  of  one  or  two  Asiatic  species,  one  of 
them  lately  found  in  California  and  Colorado,  but  possibly  of  recent  intro- 
duction; and  Castanopsis,  a  rather  large  and  characteristic  East  Asian 
genus,  represented  by  a  single  but  very  distinct  species  in  Oregon  and 
California. 

Small,  under  the  circumstances,  as  is  the  number  of  cognate  plants  or 
forms  in  these  two  floras,  it  is  large  in  comparison  with  those  which  are 
peculiar  to  the  United  States  and  Europe,  excluding,  as  before,  all  Arctic- 
Alpine  species.    The  following  seem  to  be  the  principal :  — 

Anemone  nemorosa,  of  which  there  is  a  peculiar  Pacific  form,  perhaps 
reaching  the  eastern  borders  of  Asia. 

Myosorus  minimus,  which  may  be  a  recently  introduced  plant. 

Cakile,  a  maritime  genus. 

Saxifraga  aizoides. 

Bellis  integrifoh'a,  which  may  be  compared  with  the  European  B.  annua. 

Lobelia  Dortmanna. 

Primula  Mistassinica. 

Centunculus  lanceolatus,  a  mere  form  of  C.  minimus. 

Hottonia  inflata,  which  represents  H.  palustris. 

Utricularia  minor. 

Salicomia  Virginica,  the  S.  mucronata  of  Bigelow  and  probably  of  La- 
gasca  also. 

Corema  Conradi,  representing  the  Portuguese  C.  alba. 

Yallisneria  spiralis,  which  appears  to  be  absent  from  Northern  Asia. 

Spiranthes  Romanzoviana,  with  its  single  station  on  the  Irish  coast.  It 
extends  across  the  American  continent  well  northward,  but  seemingly  not 
into  the  adjacent  parts  of  Asia. 

Eriocaulon  septangulare,  restricted  in  the  Old  World  to  a  few  stations  on 
West  British  coasts. 

Carex  extensa,  C.  flacca  (or  Barrattii),  and  one  or  two  others. 

Cinna  arundinacca,  var.  pendula. 

Leersia  oryzoides. 

Spartina  stricta  and  S.  juncea. 

Equisetum  Telmateia. 

Lycopodium  inundatum. 

Calluna  vulgaris,  which  holds  as  small  and  precarious  a  tenure  on  this 
continent  as  Spiranthes  Romanzoviana  does  in  Europe. 

Barely  two  dozen ;  and  three  or  four  of  these  are  more  or  less  maritime. 
Only  two  or  three  of  them  extend  west  of  the  Mississippi  Valley. 
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Nartbecium  is  not  in  the  list,  ar  form  or  near  ally  of  the  European  and 
Atlantic- American  species  having  been  detected  in  Japan  :  the  genus  is 
unknown  on  the  Pacific  side  of  our  continent. 


II. 

Since  the  foregoing  tables  were  prepared,  a  letter  from  Mr.  pall  (who 
has  returned  from  an  arduous  and  successful  exploration  of  the  Alaskan 
region,  made  under  the  authority  of  the  United  States  Coast  Survey) 
informs  me  that  his  party  met  with  Caulophylium  upon  one  of  the  Shumagin 
Islands.  These  islands  lie  off  the  southern  shore  of  the  peninsula  of  Alaska, 
about  in  latitude  55^,  longitude  160°.  No  specimen  occurs  in  the  beautiful 
collection  of  dried  plants  made  in  this  expedition,  mainly  by  Mr.  Harring- 
ton ;  nor  indeed  any  other  plants  which  affect  so  southern  a  range  as  our 
Caulophylium.  Yet  the  plant  may  well  have  been  rightly  identified ;  although 
it  should  be  seen  by  botanists  before  any  conclusions  are  drawn  from  it.  But 
the  occurrence  of  an  intermediate  station  like  this  would  probably  lead 
Professor  Grisebach  to  rank  the  North  Asiatic  Caulophylium  no  longer  as  a 
representative  species,  but  as  identical  with  gur  Atlantic  plant,  as  Miquel 
and  Maximowicz,  as  well  as  myself,  have  already  4pne  upon  evidence 
derived  from  the  specimens. 

Then,  —  upon  Professor  Grisebach^s  idea  that,  while  identical  species  are 
to  be  referred  to  a  single  origin  and  the  disseverance  accounted  for  through 
means  and  causes  now  in  operation,  representative  species  have  somehow 
arisen  independently  under  similar  climates,  —  Caulophylium  must  be  ex- 
plained as  a  case  of  migration,  but  Diphylleia  (in  the  same  predicament, 
only  with  a  perceptible  difference  between  the  two  plants)  as  a  case  of 
double  origination.  So  of  the  Shortia  galacifolia  and  the  Schizocodon 
uniflorus,  of  which  the  corolla  and  stamens  in  both  are  still  wanting.  If 
these,  when  found,  should  prove  to  be  exactly  alike  in  the  two,  the  very 
difiicult  problem  of  accounting  for  the  world-wide  separation  under  present 
curcumstances  is  to  be  encountered ;  if  a  difference  appears,  the  problem  is 
to  consider  how,  and  upon  what,  similar  climates  can  have  acted  to  have 
originated  almost  identical  species  upon  opposite  sides  of  the  world.  Pro- 
fessor Grisebach^s  views  imply  that  **  each  species  has  arisen  under  the 
influence  of  physical  and  other  external  conditions,"  and  that  gradual  alter^ 
ations  in  a  climate  somehow  produce  adaptive  ^'  changes  in  organization;^ 
wherefore,  as  the  President  of  the  Linncan  Society  has  aptly  remarked,* 

*  Address  of  George  Bentbam,  Esq.,  President  of  the  Llnnasan  Society,  &c., 
read  May  24, 1872. 
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'*  We  have  a  right  to  ask  of  him,  What  is  the  previous  organization  upon 
which  he  imagines  climate  to  have  worked  to  produce  allied  species  in  one 
region  and  representative  species  in  distant  regions  ?  "  The  difference  here 
between  Grisebach^s  conception  and  our  own  is,  that  we  consider  climate  and 
other  external  conditions  to  have  acted  upon  common  ancestors  in  each 
case ;  but  he  apparently  declines  to  conjecture  what  they  acted  upon. 

In  conclusion  I  may  advert  to  one  instance,  in  which  it  would  appear, 
either  that  widely  different  climates  have  originated  the  same  or  closely 
similar  species,  or  else  that  one  and  the  same  species  (one  of  those  common 
to  the  United  States  and  Japan)  has  been  dispersed  over  the  globe  in  a 
manner  and  to  an  extent  that  place  it  beyond  the  reach  of  explanations 
limited  to  the  results  of  forces  still  in  activity  and  means  of  dispersion  still 
available.  Brasenia  peltata  inhabits,  1.  The  Atlantic  United  States,  from 
Canada  to  Texas;  2.  Oregon,  or  rather  Washington  Territory,  a  single 
known  station  at  Gray's  Harbor,  on  the  Pacific,  latitude  47° ;  and  Clear 
Lake,  in  California,  latitude  39° ;  8.  Japan ;  4.  Khasya  apd  Bhotan,  alti- 
tude 4-6000  feet ;  6.  Australia,  Moreton  Bay,  &c. ;  6.  West  Africa,  in 
a  lake  in  Angola ! 
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A.   MATHEMATICS,  PHYSICS,  AND  CHEMISTRY. 

I.    MATHEMATICS  AND  ASTBONOMY. 

1.  On  Binabt  Stabs.    By  Daniel  Eirkwood,  of  Bloomington, 
Indiana. 

At  the  meeting  of  the  Royal  Astronomical  Society  on  the  10th 
of  May,  1872,  it  was  announced  by  Mr.  Wilson  that  a  discnssien 
of  all  the  observations  of  the  doable  star  Castor,  from  1719  to  the 
present  time,  had  led  to  the  remarkable  conclusion  that  the  com- 
ponents are  moving  in  hyperbolas,  and  consequently  that  their 
mutual  relation  as  members  of  a  system  is  but  temporary.  The 
fact,  if  confirmed,  will  be  regarded  with  great  interest ;  and  its  dis- 
covery will  doubtless  be  followed  by  a  minute  and  vigilant  scrutiny 
of  other  binary  systems. 

But  while  such  a  relation  as  that  discovered  by  Mr.  Wilson  had 
not  been  previously  suspected,  its  existence  was  certainly  not  alto- 
gether improbable.  As  the  sun  in  his  progressive  motion  through 
space  compels  such  cometary  matter  as  may  come  within  the 
sphere  of  his  influence  to  move  about  him  in  parabolas  or  hyper- 
bolas, so  two  bodies  of  the  same  order  of  magnitude,  may  be 
brought  by  their  proper  motions  within  such  proximity  that  their 
mutual  attraction  shall  cause  each  to  move  about  the  other  in  a 
hyperbolic  orbit.    Such  instances,  however,  would  seem  to  be  ex- 
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ceptions  to  the  general  role ;  as  the  motion  of  most  binary  stars  is 
undoubtedly  elliptic* 

The  components  of  Castor  are  of  the  magnitudes  8  and  3^ 
respectively.  If  we  suppose  that  each,  before  the  epoch  of  their 
physical  connection,  was  the  centre  of  a  planetary  system,  the 
results  of  perturbation  must  have  been  extremely  disastrous. 
The  two  stars  were  at  their  least  distance  from  each  other  in 
1858. 

This  alleged  discovery  of  a  temporary  physical  connection 
between  two  fixed  stars  suggests  a  number  of  interesting  inquiries. 
In  the  infinitely  varied  and  complicated  movements  of  the  sidereal 
systems  different  bodies  may  be  brought  into  such  juxtaposition  as 
to  change,  not  only  the  direction  of  their  motions,  but  also  the 
orbits  of  their  dependent  planets.  Some  stan^  at  the  rate  of 
motion  indicated*  by  the  spectroscope,  would  pass  over  an  interval 
equal  to  that  which  separates  us  from  the  nearest  neighboring 
systems  in  20,000  years.  In  view  of  these  facts,  the  conjecture  of 
Poisson,  that  the  temperature  of  the  earth's  surface  at  different 
epochs  has  depended  upon  the  high  or  low  temperature  of  the 
portions  of  space  through  which  the  solar  system  has  passed,  may 
not  be  wholly  improbable. 

A  possible  origin  of  binary  systems  is  also  indicated  by  Mr. 
Wilson's  discovery.  The  cometary  eccentricity  of  the  orbits  of 
these  bodies  b  well  known.  In  some  cases  the  estimated  distance 
between  the  components  at  the  time  of  their  periastral  passage  is 
less  than  half  the  radius  of  the  earth's  orbit.  Now,  if  at  the  epoch 
of  the  first  nearest  approach  the  radius  of  either  star's  nebulous 
envelope  was  greater  than  the  distance  between  the  centres  of  the 
two  bodies,  the  atmospheric  resistance  would  tend  to  transform 
the  parabola  or  hyperbola,  in  which  the  body  was  moving,  into  an 
ellipse.  Each  subsequent  return  would  shorten  the  period  until, 
in  the  process  of  cooling,  the  stellar  atmosphere  had  so  far 
contracted  as  no  longer  to  involve  any  part  of  its  companion's 
orbit. 

It  would  be  an  interesting  question  whether  some  of  the  double 
stars,  whose  apparent  distance  apart  has  seemed  too  great  to 
justify  the  hypothesis  of  a  physical  connection,  may  not  afford 
other  instances  of  motion  either  in  parabolas  or  hyperbolas. 

*  In  the  American  Journal  of  Science  and  Arts,  for  March,  1864,  the  writer 
called  attention  to  the  great  eccentricity  of  the  orbits  of  binary  stars,  and  at- 
tempted an  explanation  of  the  fact  in  accordance  with  the  nebular  hypothesis. 
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n.    PHYSICS  AND  CHEMISTEY. 
1.  Appabatus  fob  Ei.ectbic  Measitbement,  with  Rules  Ain> 

DiBECTIONS  FOB  ITS  PbACTICAL  APPLICATION.      B7  L.  BbAD- 

LET,  of  Jersey  City,  NJ. 

It  is  about  eight  years  since  the  writer  pf  this  paper  undertook 
the  work  of  constructing  an  instrument  for  the  measurement  of 
resistances,  intended  to  be  used  daily  in  regular  business,  as  the 
grocer  uses  his  scale-beam.  The  result,  though  rude  and  imperfect, 
was  still  valuable ;  for  it  enabled  him  approximately  to  determine 
the  resistances  of  all  helices  and  electro-magnets  manufactured 
and  put  upon  the  market  by  him. 

The  measurement  of  resistance  was  all  that  was  then  aspired  to, 
and  the  apparatus  received  the  name  of  Anthiatometer^  a  Greek 
derivative,  signifying  "a  measure  of  resistance." 

From  that  to  the  present  time,  he  has  endeavored,  by  indefati- 
gable exertion  and  thought,  to  keep  pace  with  the  progress  so 
rapidly  making  in  electrical  science,  and  especially  in  that  of  elec- 
tric measurement  generally. 

Instead  of  a  rude  and  imperfect  measure  of  resistance,  he  now 
presents  an  apparatus  so  largely  improved,  and  so  well  defined  in 
its  applications  and  capacities,  that  electricians  in  all  departments 
find  every  desirable  means  for  absolute  and  correct  measurement, 
put  up  in  a  substantial,  compact,  cheap,  and  portable  form. 

By  this,  telegraph  companies  may  directly  measure  the  resist- 
ance of  their  lines ;  also  their  insulation  resistance  up  to  millions  of 
ohms.  They  may  locate  breaks,  faults,  and  crosses,  when  they 
occur;  and  they  may  determine  the  resistance,  strength,  and  elec- 
tro-motive force  of  their  batteries. 

Metallurgists,  engaged  in  electrolysis,  may  determine  the  quan- 
tity of  metal  of  any  kind  deposed  by  a  current  in  a  given  time 
with  great  accuracy ;  a  desideratum  to  those  engaged  in  electro- 
.^iyP'ng,  gilding,  &c. 

Wire  manufacturers  may  readily  determine  the  quality  of  the 
metal  they  are  working  up ;  the  specific  resistance  and  conductivity 
of  the  wu*e  put  upon  the  market,  compared  with  that  of  pure 
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copper, — a  matter  of  great  importance  to  those  purchasing  for  tele- 
graphic or  other  electrical  purposes. 

In  short,  the  capacities  of  all  other  instruments  combined  for 
similar  purposes  are  .embraced  in  this  one,  in  a  form  so  compact 
and  substantial  as  to  be  exceedingly  convenient,  and  comparatively 
safe  from  injury  by  use  or  from  rough  handling. 

The  apparatus  consists  of  his  TangerU  Galvanometer  and  his 
Mheoatat  as  they  have  been  recently  improved. 

The  Tangent  Galvanometer,  of  most  recent  construction,  is  com- 
posed of  a  compass  dial,  five  or  six  inches  in  diameter,  having  a 
fine  steel  point  in  the  centre,  which  supports  a  needle  of  a  form 
peculiar  to  this  invention.  Underneath  these  are  placed  coils  of 
several  capacities,  designed  to  measure  various  currents,  from  those 
of  great  intensity  with  but  little  quantity  to  those  of  great  quan- 
tity with  but  little  intensity. 

The  needle  is  composed  of  a  thin  circular  plate  of  tempered 
steel,  in  the  centre  of  which  is  fixed  an  aluminium  cup  containing 
an  agate  to  rest  upon  the  point  at  the  centre  of  the  compass,  or  it 
may  be  made  of  three  or  more  oblong  plates,  riveted  upon  a  flat 
ring  of  aluminium,  so  trimmed  as  to  form  a  perfectly  circular  disk. 
From  the  meridian  of  the  disk  long,  slender  aluminium  pointers 
extend  to  denote  the  degrees  of  deflection.  The  needle  being 
properly  polarized,  and  placed  upon  the  point,  obeys  every  elec- 
trical impulse  with  great  celerity.  Its  weight  is  scarcely  twenty 
grains,  and  in  some  cases  not  even  half  that. 

The  coils  are  so  placed  that  the  current  runs  parallel  with  the 
meridian  of  the  needle.  They  are  half  an  inch  or  more  wider 
than  the  diameter  of  the  disk.  By  this  means  all  parts  of  the  steel 
composing  the  needle  are  subjected  to  the  same  inductive  influence 
in  all  its  deflections. 

It  is  a  condition  indispensable  in  the  construction  of  a  true 
Tangent  Galvanometer,  that  the  current  through  the  coil  should 
act  as  uniformly  upon  the  needle  in  all  its  deflections  as  the  earth's 
magnetism  does  :  a  narrow  coil  under  a  long  needle  does  not  fulfil 
this  condition ;  for,  as  the  extremities  of  the  needle  in  its  deflec- 
tions pass  more  and  more  away  from  the  coil,  the  inductive  influ- 
ence is  less  and  less,  as  compared  with  the  earth's  influence. 

On  the  contrary,  if  we  place  a  very  broad  coil  under  a  long 
needle,  the  same  difficulty  occurs,  but  in  the  opposite  direction. 
While  the  needle  is  on  the  meridian  it  is  under  the  influence  of  but 
few  convolutions  in  the  middle  of  the  coil,  but  as  it  is  deflected  it 
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comes  under  the  influence  of  an  increasing  number  of  convolutions, 
and  therefore  the  influence  is  more  and  more  increased. 

It  being  evident  that  the  truth  lay  between  these  extremes,  the 
expedient  of  a  needle  in  the  form  above  described  was  resorted  to, 
and  with  entire  success,  for  in  this  the  condition  sought  is  accu- 
rately fulfilled. 

Coil  No.  1  is  composed  of  very  fine  copper  wire,  wound  evenly 
back  and  forth  over  the  whole  width  of  the  coil,  and  of  a  suffi- 
cient number  of  layers  to  give  a  resistance  of  150  or  more  ohms. 

No.  2  is  of  No.  30  wire  wound  in  the  same  manner,  and  to  25  or 
30  ohms  resistance.  No.  3  is  of  two  layers  of  No.  23  wire,  giving 
from  one  to  two  ohms  resistance.  And  No.  4  is  a  strip  of  sheet 
copper  of  the  width  of  the  coils,  and  wound  three  and  a  half  times 
round,  so  that  the  current  passes  four  times  under  the  needle :  the 
resistance  of  this  may  be  considered  as  null,  or  not  sufficient  to  be 
noticed  or  taken  into  account. 

The  outer  ends  of  all  the  coils  are  connected  with  a  common 
screw-cup,  while  the  inner  ones  are  connected  each  with  a  cup 
bearing  its  proper  number. 

One,  two,  or  even  three  of  the  coils  may  be  dispensed  with  in 
galvanometers  for  special  purposes,  according  to  the  function  to 
be  performed. 

Coil  No.  1  is  for  currents  of  high  intensity,  No.  4  for  those  of 
great  quantity,  and  Nos.  2  and  3  are  for  mixed  or  intermediate 
currents. 

Galvanometers  of  different  styles  are  made. 

The  tangential  proportionality  of  these  galvanometers  has  been 
tested,  on  several  occasions,  in  the  following  manner,  with  corre- 
sponding results  in  all  cases.    * 

Taking  galvanometer  No.  16,  and  providing  a  resistance  coil  to 
be  put  in  circuit  with  coil  3,  to  make  its  resistance  precisely  equal 
to  that  of  coil  2,  and  then  taking  the  deflection  under  different 
resistances  from  10  to  500  ohms,  and  dividing  the  tangents  of  the 
mean  deflections  obtained  from  coil  2,  by  those  from  coil  3,  we 
have  the  following  quotients  :  — 
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Con.  2. 

Coil  8. 

Ohmf 
InMTted. 

MMn 
Dflfleotion. 

Tteigentt. 

H«ftn 
ntfleotion. 

Tteigenta. 

QnoOntt. 

10 
100 
200 
600 

780  56' 
610  80^ 
460  66^ 
260  86' 

6.106 
1.842 
1.069 
.4787 

660  60^ 
280  40^ 
170  60^ 
80  12i' 

1.680 
.6467 
.8217 
.1442 

8.88 
8.86 
8.82 
8.82 

Another  test  made  by  patting  two  galvanometers  (No.  18  and 
No.  9,  coil  3)  into  same  circuit,  gave  the  following  results :  — 


Qalvakomtob  No.  18. 

GALVAKOMSnE  No.  9. 

Ohma 
loMrtod. 

Mflui 
DeflMtlon. 

Tanflsnto. 

Mean 

Taag«Dfta. 

Qooiknti. 

2 
12 
80 
60 

78.90 
49.90 
28.80 
15.80     , 

8.466 
1.188 
.5704 
.2880 

68.90 
41.50 
21.70 
II.80 

2.692 
.8847 
.8979 
.2069 

1.84 
1.84 
1.86 
1.86 

The  near  uniformity  of  these  quotients  gives  evidence  of  very 
true  Tangent  Oalvanometers. 

The  theorem,  ''  The  intensity  of  currents^  as  medsured  by  the 
Tangent  Oalvdnometer^  is  proportional  to  the  tangents  of  the 
angles  of  deflection^^  may  be  verified  in  the  following  manner :  — 

Call  the  terrestrial  magnetism,  whoBe  tendency  is  to  direct  the 
galvanometer  needle  to  the  magnetic  meridian,  the  unit  of  direc- 
tive force,  and  let  this  unit  be  represented  geometrically  by  the 
line  A  -3f  (Pig.  1),  which  is  the  radius  of  the  circle  MBM^  —  the 
line  MAM  representing  the  meridian.  Now,  let  an  electric 
current  be  sent  through  the  galvanometer  coil,  whose  directive 
force  is  precisely  equal  to  the  terrestrial  force,  and  whose  tendency 
is  to  direct  the  needle  in  a  line  perpendicular  to  the  meridian,  and 
let  this  force  be  represented  by  the  line  A  B, 

If  the  terrestrial  force  could  now,  for  a  moment,  be  suspended, 
the  needle  would  point  due  east  and  west;  but  the  combined 
action  of  the  two  equal  forces  will  direct  the  needle  towards  the 
point  of  intersection  of  the  line  drawn  perpendicularly  from  My 
and  that  drawn  horizontally  from  B  at  1,  which  direction  cuts 
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the  quadrant  at  45^,  the  line  M  1  being  the  tangent  of  45^, 
which  is  1. 

Now  if  we  augment  the  intensity  of  the  current  through  the 
coil  to  twice  its  present  force,  which  will  be  2,  and  will  be  repre- 
sented by  the  line  A  (7,  the  combined  forces  A  Jf  and  A  C7  will 
direct  the  needle  towards  the  point  2.  If  we  now  lay  a  protractor 
on  the  circle,  we  find  that  the  line  A  2  cuts  it  at  about  63^  30',  of 
which  the  tangent  is  2. 

We  may  increase  the  parallelogram  erected  upon  ^  Jf  at  pleach 


Tan^S.. 


ure,  and  the  two  forces  combined  will  always  so  balance  the  needle 
between  them  as  to  make  it  point  from  A  diagonally  across  the 
parallelogram  to  its  opposite  angle,  the  height  of  which  is  the  tan- 
gent of  the  angle  of  deflection. 

By  inspection  of  the  diagram  it  is  seen  that  the  law  holds  good 
in  the  subdivisions  of  the  force,  as  at  .5,  .25,  and  .125,  —  a  truth 
admitted  by  all  experimenters  as  to  the  relations  up  to  14*^. 

The  Rheostat  contains  coils  whose  several  resistances  range  from 
\\z  o^  A°  o^™  ^  4000  ohms,  any  one  or  more  of  which  may  be 
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thrown  into  the  drcnit  by  removing  the  proper  plug  or  plugs  on 
the  top  of  the  rheostat,  so  that  any  resistance  may  be  introduced 
from  y^  of  an  ohm  to  10,000  ohms. 

In  addition  to  two  screw-cups  (L  and  II.)  for  connection  with 
the  battery  and  galvanometer,  there  are  two  other  screw-cups 
(in.  and  IV.)  for  the  connection  of  any  conductor  whose  resistance 
it  is  intended  to  measure;  also  a  switch,  A^  so  arranged  that  the 
battery  current  may  be  directed  at  pleasure  through  the  rheostat 
or  the  conductor.  The  whole  apparatus  is  packed  in  a  morocco 
case,  nine  inches  in  diameter  and  beven  inches  deep,  havii^  a 
handled  strap,  rendering  it  convenient  for  transportation  fix)m 
place  to  place. 


Fig.  a 

The  units  of  electric  measurement  herein  adopted  are  those  of 
the  British  Association,  viz. :  — 

Ohm,  Volt,  and  Vebeb. 

The  Ohm  is  the  unit  of  resistance^  and  is  equal  to  the  resbtance  of 
a  prism  of  pure  mercury,  one  square  millimeter  section,  and  1.0486 
meters  long,  at  0^  C. 

The  Volt  is  the  unit  of  ekctro^motive  force^  which  varies  but 
little  from  the  electro-motive  force  of  a  standard  Darnell's  cell. 

The  Vebeb  is  the  unit  of  strength^  or  qttantityy  or  electrih-chenv' 
ical  equivalence  of  a  current,  as  it  is  variously  called,  and  repre- 
sents that  quantity  of  electricity  which  flows  through  a  circuit, 
having  an  electro-motive  force  of  one  volt,  and  a  resistance  of  one 
ohm,  in  one  second. 
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One  veber  of  electricity  decomposes  — 

.00142  grains  water,  or  develops 
.000158  grains  hydrogen,  or 
.1721  c.c.  mixed  gas,  at  a  temp,  of 

0°C,  and  barometric  pressr.  of  760  "/„. 

Resistance  of  Conductors, 

To  determine  the  resistance  of  any  conductor,  attach  its  extrem- 
ities to  the  screw-cups  III.  and  IV.  of  the  rheostat,  one  pole  of 
the  battery  to  B  of  the  galvanometer,  and  the  other  to  I.  of  the 
rheostat. 

The  wire  leading  from  II.  of  the  rheostat  is  connected  with 
one  of  the  screw-cups  1,  2,  3,  4,  of  the  galvanometer,  as  may  be 
required. 

For  resistance  of  1000  ohms  or  more,  the  N"o.  1  screw-cup,  with 
a  compound  or  intensity  battery,  is  most  suitable;  N"o.  2,  from 
20  to  1000  ohms;  No.  3,  from  2  to  20  ohms;  and  No.  4,  with 
a  single  large  cell  of  battery  — »•  or,  what  is  better,  two  or  more 
cells  arranged 'for  quantity — for  very  small  resistances,  2  ohms 
or  less. 

Before  measuring  small  resistances,  it  is  necessary  to  balance 
the  apparatus,  as  we  would  a  scale-beam  before  weighing  small 
quantities.  To  do  this,  connect  III.  and  IV.  by  a  short  wire,  such 
as  may  be  used  in  connection  with  the  thing  to  be  measured ;  the 
rheostat  being  fully  and  carefully  plugged.  If,  now,  on  turning 
the  switch  to  the  right,  the  needle  goes  up,  it  shows  that  the 
short  wire  does  not  have  resistance  enough  to  balance ;  therefore, 
a  wire  of  larger  resistance  must  be  selected;  on  the  contrary,  if 
the  needle  falls  back,  plugs  must  be  removed  sufficient  to  balance 
the  needle ;  the  amount  unplugged  must  be  deducted  from  the 
result. 

The  current  is  now  to  be  directed  through  the  conductor  to  be 
tested,  by  turning  the  switch  to  the  right,  and  the  galvanometer 
deflection  noted ;  the  switch  is  then  turned  to  the  left,  directing 
the  current  through  the  rheostat.  Plugs  are  now  removed  to 
introduce  sufficient  resistance  to  bring  the  needle  to  the  same 
degree,  so  that  on  oscillating  the  switch  back  and  forth,  the  needle 
remains  stationary.  The  resistance  of  the  conductor  is  now  equal 
to  the  sum  of  the  resistances  of  the  several  rheostat  coils  intro- 
duced. 

By  this  method,  any  resistance  may  be  directly  measured  from 

A.  A.  A.  S.   VOL.  XXT.  6 
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j^jj  of  an  ohm  to  10,000  ohms.    Helices,  relays,  and  other  electro- 
magnets are  measured  in  this  way. 

Measuring  and  Testing  Telegraph  Lines, 

In  using  this  apparatus  for  testing  in  a  telegraph  office,  great 
care  should  be  taken  to  avoid  the  disturbing  action  of  masses  of 
iron,  the  magnets  of  instruments,  and  the  currents  passing  through 
wires,  either  under  the  table  or  along  the  walls.  All  the  lines 
should  frequently  be  tested  for  conductivity  and  insulation,  and 
the  tests  recorded  in  a  book  kept  for  that  purpose.  These  records 
greatly  facilitate  the  accurate  location  of  faults,  whenever  it  be- 
comes necessary  to  test  for  them. 

Testing  for  Conductivity. 

This  test  should  be  made  in  fine  weather,  when  the  insulation 
is  good.  Have  all  the  relays  of  the  line  taken  out  of  circuit, 
and  the  line  connected  to.  earth  or  ground  wire,  at  distant  end, 
without  battery.  Arrange  the  wires  as  in  last  diagram  (Fig.  2), 
putting  the  line  wire  and  the  ground  wire  to  HI.  and  IV.  When 
the  needle  is  balanced,  the  resistance  unplugged  is  equal  to  the 
resistance  of  the  line. 

No.  9  wire  should  not  exceed  20  ohms  per  mile  of  length;  and 
No.  8,  17  ohms.  Higher  resistance  than  this  indicates  defective 
joints  in  the  line  or  poor  ground  connections. 

In  all  these  measurements  and  testings,  it  is  proper  to  reverse 
the  direction  of  the  current  through  the  line  (which  is  readily 
done  by  changing  places  of  the  connections  at  I.  and  U.),  and 
take  the  mean  of  the  two  results. 

Testing  for  Insulation, 

The  connections  are  the  same  as  in  the  last  case,  except  that 
the  line  is  open  at  the  distant  end,*instead  of  being  '*  grounded.^ 
If  the  line  is  not  very  long,  or  the  insulation  is  good,  the  resist- 
ance will  frequently  be  above  the  range  of  the  apparatus.  This 
may  also  happen  in  testing  for  conductivity  on  a  very  defective 
wire.    In  this  case  another  method  is  adopted. 

First  arrange  the  wires  as  before;  then  unplug  10,000  ohms 
resistance,  using  galvanometer  coil  No.  1,  and  an  intense  main 
battery.  Note  the  deflection  obtained  through  the  whole  10,000 
ohms  resistance,  and  call  this  the  maximum  of  the  galvanometer. 
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Now  turn  the  switch  to  the  right,  directing  the  current  through 
the  line,  which  is  open,  of  course,  at  the  distant  end.  Note  the 
deflection  as  before.  The  tangents  of  the  deflections  will  each 
be  inversely  proportional  to  the  resistance  under  which  it  was 
produced. 

Suppose  the  deflection  with  the  10,000  ohms  to  be  30°,  giving 
tangent  .5774,  while  that  through  the  line  is  10°,  whose  tangent 
is  .1763. 


Therefore, — 

.1763  :  10,000  ohms 
%.e^  .5774  X  10.000 
.1763 


5774  :  32,751  ohms. 
=  32,751  ohms. 


This  is  the  insulation  resistance  of  the  line;  and  this  divided 
by  the  number  of  miles  in  length  gives  the  insulation  resistance 
per  mile. 

It  is  proper  here  to  caution  those  using  this  apparatus  against 
directing  the  current  from  an  intense  battery  through  rheostat 
coils  of  low  resistance,  lest  they  be  spoiled  by  burning.  Forty 
cells  of  Grove's  battery  would  be  likely  to  greatly  damage  a  50 
ohm  coil ;  and  perhaps  one  of  a  hundred  or  two  hundred  ohms,  if 
the  current  were  directed  through  it  alone.  Batteries  of  no 
greater  strength  should  be  employed  than  is  necessary  to  accom- 
plish the  work  desired ;  10  or  20  cells  of  any  sulphate  of  copper 
battery  are  sufficient  for  measuring  great  resistances. 

The  daily  testings  of  a  line  should  be  recorded  in  a  form  some- 
thing like  the  following :  — 


Maxi- 
mum. 

10,000 
Ohms. 

No.  1  WiBX. 

No.  2  WiSB. 

Date. 

Condae- 
tiTity. 

Ohma. 

InsulAdon. 

Itii 

iDSulatioii. 

Weather 

Deflec- 
tion. 

Ohms. 

Deflao- 
tton. 

Ohms. 

Apl.1 

80O 

4050 

IQo 

82,570 

5000 

80° 

10,000 

Rain. 
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Testing  for  Location  of  FavUs.* 

The  principle  upon  which  the  methods  of  distance-testing 
*•  are  founded  is  that  of  finding  the  resistance  of  the  line  wire 
between  the  testing  station  and  the  fault,  by  the  methods  above 
described. 

It  is  very  essential  that  the  resistance  of  each  circuit  should  be 
frequently  measured  and  recorded,  so  that  when  a  fault  occurs  the 
actual  resistance  of  the  Kne  per  mile  may  be  known. 

If  the  broken  line  gives  a  full  ground,  its  resistance,  divided  by 
*  the  resistance  per  mile,  at  once  gives  the  distance  of  the  break 
from  the  testing  station ;  and  if  the  distant  station  obtains  a  like 
result,  the  confirmation  is  complete. 

Thus,  in  a  line  of  100  miles,  if  the  tests  from  the  two  extremities 
indicate  distances  of  forty-five  and  fifty-five  miles  respectively, 
the  locality  of  the  interruption  is  clearly  indicated. 

As  the  fault,  however,  usually  gives  a  very  considerable  resist- 
ance at  the  point  where  the  line  is  in  contact  with  the  earth,  and 
the  sum  of  the  two  resistances,  measured  from  stations  at  the 
opposite  ends  of  the  lines,  greatly  exceed  the  resistance  of  the  line 
itself  when  perfect,  it  is  usual  in  such  cases  to  estimate  the  fault 
midway  between  the  two  points  indicated.  Thus,  when  the 
respective  resistances  indicate  eighty-six  and  twenty-six  miles, 
the  sum  of  these  exceeds  100  miles  by  twelve,  and  therefore  half 
this  excess,  or  six,  is  deducted  from  each  of  the  measures ;  the 
resbtance  of  the  fault  having  been  included  in  each  measurement. 

When  the  line  is  unbroken,  but  shows  a  heavy  escape  or  partial 
ground,  sufficient  to  weaken  signals,  two  methods  are  available 
for  determining  its  locality.  The  first  is  that  of  direct  measure- 
ment, alternately  from  each  end;  the  distant  end  at  the  same 
time  being  insulated,  or,  in  other  words,  left  open,  as  before  ex- 
plained (p.  42). 

In  this  case  the  resistance  of  the  fault  is  measured  twice  over, 
and  is  roughly  allowed  for  by  the  method  of  calculation  above 
given. 

The  Loop  Test 

A  second  and  more  accurate  method,  which  gives  a  measure 
entirely  independent  of  the  resistance  of  the  fault,  is  known  as  the 
Loop  Test.    It  is  only  available,  however,  in  cases  where  there 

•  Pope's  Modem  Practice  of  the  Electric  Telegraph,  pp.  80-82. 
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are  two  or  more  parallel  wires  on  the  same  route.    In  making  this 
test,  let  the  operator  proceed  as  follows. 

Make  the  length  to  be  tested  as  short  as  possible,  and  have  all 
the  instruments  in  circuit  taken  out ;  select  a  good  wire  similar,  if. 
possible,  to  the  one  it  is  required  to  test.  These  wires  must  then 
be  connected  together  in  a  loop  at  the  nearest  available  station 
beyond  the  fault,  without  ground  connection.  The  resistance  of 
^  the  faulty  wire,  when  perfect,  must  be  ascertained.  This  may  be 
taken  from  previous  records,  or  it  may  be  found  by  a  test  taken  as 
follows. 

Connect  the  apparatus  as  in  the  diagram  (Fig.  2,  also  Fig.  4), 
putting  the  loop  in  place  of  the  resistance,  to  be  measured  as 
shown  in  the  diagram ;  that  is,  connect  the  good  wire  of  the  loop 
to  m.,  and  the  bad  wire  to  lY.,  and  ascertain  the  resistance  as 
directed  (p.  41). 


Fig.  3. 


Having  ascertained  the  resistance  of  the  loop,  arrange  the  con- 
nections, as  shown  in  the  above  diagram  (Fig.  3). 

Now  turn  the  switch  A  to  the  right,  and  note  the  deflection ; 
then  turn  it  to  the  left,  and  unplug  resistance  until  the  same  de- 
flection is  obtained ;  the  resistance  unplugged,  deducted  from  the 
total  resistance  of  the  loop,  and  divided  by  2,  is  the  resistance  of 
the  bad  wire  between  the  apparatus  and  the  fault. 

For  example,  suppose  the  resistance  of  the  loop  to  be  1000 
ohms,  and  100  ohms  have  been  unplugged  to  balance  the  needle ; 
the  fault  is  450  ohms  from  IV.  Suppose  the  loop  of  1000  ohms  is 
fifty  miles  in  length,  then  by  proportion  — 

1000  ohms  :  50  miles  : :  450  ohms  :  22.5  miles. 

When  there  is  a  fault  on  a  line,  and  there  is  but  one  wire,  it 
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may  be  located  hj  the  following  method.  Ascertain  from  former 
record  the  normal  resistance  of  the  line ;  call  this  r.  Also  the 
resistance  of  the  defective  line,  when  grounded  at  the  distant 
end,  obtfdned  as  before  directed  (p.  42) ;  call  this  «.  Also  the 
resistance  when  open  at  the  distant  end,  and  call  this  t ;  and  call 
the  resistance  of  the  wire  between  the  fault  and  the  testmg 
station  x;  then  — 

x  =  8  —  V  {8^  +  tr)  —  {ts  +  ra) 

t.e.,  multiply  8  by  «,  and  t  by  r,  and  add  the  products  together ; 
subtract  from  this  amount  t  times  «,  and  r  times  8 ;  subtract  the 
square  root  of  the  remainder  from  «,  and  the  remainder  will 
give  the  resistance  of  the  wire  between  the  fault  and  the  testing 
station. 

This  test  should,  if  practicable,  be  taken  from^both  ends  of  the 
wire,  and  greater  accuracy  is  secured  by  taking  the  mean  of  several 
observations. 

To  Locate  a  Cro88. 

The  two  wires  in  contact  form  a  loop ;  open  both  wires  at  the 
nearest  available  point  beyond  the  cross,  and  measure  the  resist- 
ance of  the  loop.  Half  of  this  will  be  the  resistance  between  the 
testing-station  and  the  cross.  The  cross  itself  sometimes  has  con- 
siderable resistance,  which  would  make  its  true  position  somewhat 
nearer  than  its  apparent  position. 

A  cross  may  also  be  located  by  the  method  given  (p.  45),  by 
putting  one  wire  as  a  ground,  which  will  make  an  escape  at  the 
point  where  the  cross  is  situated,  and  which,  of  course,  may  be 
located  in  the  same  manner  as  any  other  escape,  by  either  of  the 
methods  above  given. 

Conductivity  and  Resistance, 

The  conductivity  of  two  conductors  of  the  same  metal  are 
directly  proportional  to  the  areas  of  their  transverse  sections ;  or,  if 
of  round  wire,  they  are  directly  proportional  to  the  square  of  their 
diameters.  The  resistance  of  the  same  wires  are  inversely  pro- 
portional to  the  squares  of  their  diameters. 

Specific  Conductivity  and  Resistance, 

The  relative  specific  resistance  of  two  metals  may  be  deter- 
mined by  taking  the  resistance  of  a  wire  of  each,  of  a  given  length 
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and  diameter;  their  resistances  will  denote  their  relative  spedfic 
resistances,  or  they  may  be  computed  from  wires  of  different 
diameters  (their  lengths  being  equal),  by  the  following  formula: — 

D  =  diameter  of  standard  wire. 
R  =  resistance  of  do.    • 

d  =  diameter  of  wire  to  be  tested. 

r  =  resistance  of  do. 

d^  :  B  ::  D"  :  r. 


«.6., 


Suppose  we  take  as  a  standard  a  copper  wire,  ten  feet  long,  No. 
26  by  the  American  gauge  (Darling,  Brown,  and  Sharp),  whose 
diameter  by  the  following  table  is  sixteen  mils  (thousandths  of  an 
inch),  and  find  its  resistance  to  be  .44  ohm,  and  another  wire  of 
same  length,  No.  30,  whose  diameter  is  ten  mils ;  the  square  of 
the  latter  is  100,  and  that  of  the  former  256. 

256  X  .44       ^-    ^ 

100      =  ^'^^• 

1.13  ohms,  therefore,  would  be  the  resistance  of  the  No.  30  wire, 
if  the  spedfic  resistances  of  the  metals  of  which  the  two  wires 
are  composed  are  equal ;  but  on  trial  we  find  its  resistance  to  be 
1.9  ohms. 
Assuming  100  as  the  specific  resbtance  of  the  standard  m^tal 

1.13  :  100  ::  1.9  :  168; 

the  specific  resistance  of  the  tested  metal  is,  therefore,  68  per  cent, 
greater  than  the  standard,  f.6.,  168  to  100. 

Brown  and  Sharp's  sheet  metal  gauge,  which  determines  the 
diameter  of  a  wire  to  the  j^jy^^  of  an  inch,  is  the  best  measure  for 
this  purpose. 
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Table  of  Diametebs  of  Wires  expbbssbd  in  Mils  (THOusAimTHS 

OF  AN   inch). 


Number. 

Aiwwricm  Gftiigo. 

Birmliigfaaiii 
Gauge. 

Number. 

Amexkan  Gftiige. 

Binningham 
Gauge. 

3m$, 

MiU. 

MU$. 

MOs. 

0000 

460. 

464. 

19 

86.89 

42. 

000 

409.64 

426. 

20 

81.96 

86. 

00 

864.80 

880. 

21 

28.46 

82. 

0 

•    824.96 

840. 

22 

26.86 

28. 

1 

289.80 

800. 

28 

22.67 

26. 

2 

257.68 

284. 

24 

20.10 

22. 

8 

229.42 

269. 

25 

17.90 

20. 

4 

204.81 

238. 

26 

16.94 

18. 

6 

181.94 

220. 

27 

14.19 

16. 

6 

162.02 

208. 

28 

12.64 

14. 

7 

144.28 

180. 

29 

11.26 

18. 

8 

128.49 

165. 

80 

10.02 

12. 

9 

114.43 

148. 

81 

8.98 

10. 

10 

101.89 

184. 

82 

7.96 

9. 

11 

90.74 

120. 

88 

7.08 

8. 

12 

80.81 

109. 

84 

6.30 

7. 

18 

71.96 

96. 

86 

6.61 

6. 

14 

64.08 

83. 

86 

6.00 

4. 

15 

67.07 

72. 

87 

4.46 

16 

60.82 

66. 

88 

8.96 

17 

46.26 

68. 

89 

8.68 

18 

40.80 

49. 

40 

8.14 

Or  the  following  method  may  sometimes  be  more  available,  and 
is  more  exact. 

It  has  been  determined  (Latimer  Clark  on  Electric  Measure- 
ment, p.  64)  that  one  nautical  mile,  2029  yards  pure  copper  wire 
weighing  one  pound,  has  at  60°  Fahr.  1155.5  ohms  resistance, 

1  lb.  =  7000  Troy  grains. 

2029  yards  :  7000  grains  ::  10  yards  :  34.5  grains,  and  2029  yards 
:  1155.5  ohms  : :  10  yards  :  5.695  ohms. 

Therefore, 

10  yards  pure  copper  wire,  weighing  34.5  grains,  has 
5.695  ohms  resistance. 

The  resistance  of  a  given  length  of  wire  is  inversely  propor- 
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tional  to  its  weight ;  hence,  if  ten  yards  of  wire  weigh  ten  times 
as  much,  345  grains,  its  resistance  will  be  one-tenth  =  .57  ohm. 

I^  on  trial,  we  find  its  resistance  to  be  greater,  say  .67  ohm,  its 
condactivity  is  less  than  the  pure  copper,  in  the  inyerse  ratio  of 
the  resistance ;  that  is, 

67  :  57  ::  100  :  85, 

or  the  metal  has  a  conductivity  of  85,  the  pure  being  taken  at  100. 
Suppose  ten  yards  of  pure  copper  weigh  173.4  grains,  and  have 
a  resbtance  of  1.2  ohms. 

173.4  grains  :  5.695  ohms  : :  84.5  grains  :  1.133  ohms, 

i^  34.5  X  5.695       ^  ^.. 

1733         -  ^•^^^• 

For  specific  resistance, 

1.133  :  100  ::  1.2  :  105.91, 
and  for  specific  conductivity,  the  same  proportion  inversely, 
1.133  X  100 


1.2 


=  94.2. 


Therefore,  taking  both  the  resistance  and  the  conductivity  of  pure 
copper  at  100,  the  specific  resistance  of  the  specimen  tested  is 
105.9,  and  its  specific  conductivity  94.2. 

For  convenience  we  may  take  the  product  of  34.5  grains  X 
5.695  ohms,  196.4775,  as  a  constant  quantity,  to  be  divided  by 
the  weight  in  grains  of  any  specimen  of  ten  yards  of  copper  wire. 
This  will  give  the  resistance  in  ohms,  which  the  specimen  would 
have  if  pure.  Dividing  this  (multiplied  by  100)  by  the  actual 
resistance  we  have  the  specific  conductivity,  or  dividing  the  ac- 
tual resistance  (multiplied  by  100)  by  this  we  have  the  specific 
resistance. 

JSffect  of  TempercOure. 

The  resistance  of  copper  changes  about  .208  per  cent  for  each 
degree  Fahr.,*  which  is  to  be  added  or  subtracted  as  the  temper- 
ature is  below  or  above  60^ 

•  On  Electric  Heuuremeat    By  Latimer  Clark,  p.  68. 
A.  ▲•  ▲.  S.  VOL.  XXJ.  7 
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If  a  wire  has  22.78  ohms  resistance  at  70%  what  will  it  hare 
at  60°? 

22.73  — (22.73  X  -00208  X  10^)  =  22.257. 

The  following  table  will  be  found  convenient  in  making  correc- 
tions for  temperature. 

Tabub  fob  Caloulatikg  thb  Rbsistakgb  ov  Coffbb  at  diffbbbht 
Tbmpbbatubbb. 


To  Badufle  ftom  Low«r  Tflmpcntun  to  Higher, 
malttply  tlw  RmMmmw  bj  Um  Number  in 
Co\wBan2, 

To  Bedooe  ftom  Higher  TMnpermture  to  Loiiw, 
Ocltuoni. 

No.  of 
Degrees. 

Ooliiiim2. 

No.  of 
Degrees. 

OolnmnS. 

No.  of 
Degreee. 

Column  4. 

No.  of 
Degrees. 

Oolnmni. 

0 

1. 

0 

1. 

1 

1.0021 

16 

1.0841 

1 

0.9979 

16 

.0.9670 

2 

1.0042 

17 

1.0868 

2 

0.9958 

17 

0.9660 

8 

1.0068 

18 

1.0885 

8 

0.9987 

18 

0.9629 

4 

1.0064 

19 

1.0407 

4 

0.9916 

19 

0.9609 

6 

1.0105 

20 

1.0428 

6 

0.9896 

20 

0.9589 

6 

1.0127 

21 

1.0460 

6 

0.9875 

21 

0.9569 

7 

1.0148 

22 

1.0472 

7 

0.9854 

22 

0.9549 

8 

1.0169 

"28 

1.0494 

8 

0.9884 

28 

0.9529 

9 

1.0191 

24 

1.0516 

9 

0.9818 

24 

0.9509 

10 

1.0212 

26 

1.0588 

10 

0.9792 

25 

0.9489 

11 

1.0288 

26 

1.0561 

11 

0.9772 

26 

0.9469 

12 

1.0256 

27 

1.0588 

12 

0.9751 

27 

0.9449 

18 

1.0276 

28 

1.0605 

18 

0.9781 

28 

0.9429 

14 

1.0298 

--^ 

-.4jP627 

14 

0.9711 

29 

0.9409 

16 

1.0820< 

— ^ 

— J 

.^ 

16 

0.9690 

80 

0.9890 

of  JBatteriea. 

Irmii^i&tfa^mt^JSbf  resistance  of  batteries,  the  resistance 
ivaimme^r  q^U  gfled,  if  it  has  any  appreciable  reostance, 
e  known.  In  taking  deflections  where 
he  direction  of  the  current  through  the  gal- 
vanometer should  be  reversed,  and  the  mean  of  the  two  deflections 
taken ;  for  we  can  scarcely  fiEdl  to  observe  some  diflTerence. 

If  we  have  no  adjustable  rheostat,  we  must  be  provided  with 
one  or  more  standard  coils,  whose  resistances  are  correctly  known; 
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one  or  two  ohms  is  sufficient  when  a  single  cell  is  to  be  measured, 
but  more  when  a  number  of  cells  are  to  be  measured. 
The  following  formula  brings  us  to  a  simple  and  oorreot  rule:-— 

Let  e  =  electro-motive  force, 
r  =  resistance  of  the  battery. 
r^=  a  known  resistance  to  be  inserted. 
8  =  strength  of  current  =  tan.  of  deflection* 
«^=  tan.  of  deflection  when  r^  is  inserted. 

According  to  Ohm's  law, 

—  =  8  and  — i — r  =  A 

r  r  +  »^ 

Two  equations,  involving  the  two  unknown  quantities  e  and  r, 
which,  cleared  of  fractions,  become  — 

6  =  r«,  1st  equation. 

e  =  r8^  +  r^8\    2d       do. 

Eliminate  e  by  substituting  r8  of  the  1st  equation  for  e  of  the  2d 
equation  — 

r8  =  r8^ -{•  r^8^j  transferring  r«*; 

r8  —  r«*  =  r*«^,  and  dividing  by  8  —  «*,  we  have 

or  the  following  rimple  proportion, — 

8  —  «*  :  t*  : :  «*  :  r. 

If  the  galvanometer  has  resistance,  subtract  it  from  the  result,  and 
we  have  the  interior  resistance  of  the  battery. 

Another  method  is  sometimes  employed,  ii^  which  the  resistance 
of  the  galvanometer  must  be  null,  a«i  the  wixe  of  an  adjustable 
rheostat  so  large  as  not  to  be  essentiallji  heal^  by  the  current. 

-  =  «  =  tangent  of  deflection,  and 

--  =  tan.  of  deflection  when  a  resistance  is  interted  equal  to 
'^ 

the  interior  resistance. 

Therefore,  divide  the  tangent  of  deflection  by  2,  and  find  the 
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degree  corresponding  to  this  half  tangent ;  then  inteipose  rheostat 
coils  to  bring  the  needle  to  the  same  degree.  The  resistance  thus 
interposed  will  be  equal  to  the  interior  resistance. 

The  resistance  of  two  cells  of  eqaal  strength,  or  two  series  of 
two  or  more  cells,  each  of  equal  strength,  may  be  obtained  by 
connecting  two  like  poles  of  the  two  together,  so  that  they 
neutralize  each  other,  and  connecting  them  by  screw-cups  IIL 
and  lY.,  and  taking  their  resistance  as  we  do  that  of  any  con- 
ductor. 

The  following  method,  too,  discovered  and  first  used  by  the 
writer  is  found  to  be  correct  and  reliable.  The  cell  to  be  tested 
is  connected  between  III.  and  IV.,  using  two  or  more  cells  for  the 
main  battery.  The  switch  being  to  the  left,  the  deflection  caused 
by  the  main  battery  is  noted.  On  turning  the  switch  to  the  right, 
the  force  of  the  cell  is  added  to  that  of  the  msun  battery,  and  the 
deflection  is  increased.  Now  reverse  the  poles  of  the  cell  so  that 
its  f^rce  opposes  that  of  the  main,  and  the  deflection  is  mu^h 
diminished.  Add  the  tangent  of  the  smaller  to  that  of  the  larger 
deflection  and  divide  by  2.  Find  the  degree  corresponding  to 
this  mean  tangent.  Then  turn  the  switch  to  the  left,  and  introduce 
rheostat  resistance  to  bring  the  needle  to  the  same  degree.  The 
amount  introduced  will  show  the  resistance  of  the  celL 


Constant  Multiplier. 

To  determine  the  electro-chemical  equivalent  of  a  current  by  a 
tangent  galvanometer,  it  is  necessary  to  find  a  number  by  which 
the  multiplication  of  the  tangent  of  its  degree  of  deflection  will 
give  the  equivalent  sought. 

This  is  done  in  various  ways.  That  reconmiended  and  employed 
bv  most  authors  is  by  the  electrolysis  of  water  in  the  voltameter, 
and  the  production  of  its  elementary  gases,  the  volume  of  which, 
when  properly  corrected  for  temperature,  pressure,  and  moisture,  is 
directly  proportional  to  the  strength  of  the  current. 

The  correction  may  be  made  by  the  following  formula. 

v^  =  volume  of  gas  observed. 

V  =  vol.  corrected  for  temp.,  pressure,  and  moisture. 

y  z=  barometric  pressure  observed. 

b  =  same  connected  for  temperature. 

e  :^  tension  of  vapor  of  water  at  t^  C. 
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t  =  the  number  of  degrees  above  freezing  point. 
^^  =  Regnault's  co-efficient  of  expansion  for  each  degree  C. 


v  = 


273  v^        b  —  e 


273  +  ^ 


X- 


JBarometric  CorrecHon. 

The  barometric  column  is  to  be  corrected  for  temperature,  for 
which  we  may  employ  the  following  table,  where  the  scale  is  of 
wood,  graduated  for  millimeters;  or  we  may  multiply  the  co- 
efficient of  expansion  for  1^  C,  .00018153,  by  the  number  of  degrees 
C^  and  the  product  by  the  height  in  millimeters,  and  subtract  the 
last  product  from  the  apparent  height. 

The  co-efficient  of  expansion  of  glass,  for  each  degree,  is  .0000092; 
and  of  brass,  .0000188.  Where  the  scale  is  of  one  of  these  materials, 
its  co-efficient  must  be  subtracted  from  that  of  mercury. 

Table  fob  Cobbbotion  of  Babombtbio  Imdioatioks,  measiiTed  by  wooden 
scale  in  millimeten,  calcnUted  from  the  co-efficient  of  Begnaolt,  .018168,  the 
dilBtion  of  mercui7  from  O^  C.  to  lOOo  C.    That  for  V>  C.  is  .00018168. 


OCf. 

1-/- 

OC. 

IV.- 

OC. 

I-/.- 

1 

.00018 

16 

.00290 

81 

.00668 

2 

.00086 

17 

.00809 

82 

.00681 

8 

.00064 

.18 

.00827 

88 

.00699 

4 

.00078 

19 

.00846 

84 

.00617 

6 

.00091 

20 

.00868 

86 

.00686 

6 

.00109 

21 

.00881 

86 

.00664 

7 

.00127 

22 

.00899 

87 

.00672 

8 

.00146 

28 

.00418 

88 

.00690 

9 

.00168 

24 

.00486 

89 

.00708 

10 

.00182 

26 

.00464 

40 

.00726 

11 

.00200 

26 

.00472 

41 

.00744 

12 

.00218 

27 

.00600 

42 

.00762 

18 

.00286 

28 

.00608 

48 

.00781 

14 

.00264 

29 

.00626 

44 

.00799 

16 

.00272 

80 

.00646 

46 

.00817 

Multiply  the  co-efficient  for  the  number  of  degrees  C.  by  the 
apparent  height  in  millimeters,  and  subtract  the  product  from  the 
apparent  height. 

The  following  table  gives  the  &otor  e :  -^ 
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Table  of  thb  TxvBioir  of  Aqusoub  Vafob,  ezpveued  in  miUiineten  of 
meiciuy,  at  (P  C.  for  each  degree  from  (K>  C.  to  Sfi^'  C.  (Begnaolt). 


OC. 

Texwion  in  ■/.• 

OC. 

Tenaion  in  V. 

OC. 

Tenrion  in  V- 

0 

4.600 

12 

10.467 

24 

22.184 

1 

4.940 

18 

11.062 

26 

28.660 

2 

6.802 

14 

11.906 

26 

24.998 

8 

6.687 

16 

12.669 

27 

26.606 

4 

6.097 

16 

18.686 

28 

28.101 

6 

6.684 

17 

14.421 

29 

29.781 

6 

6.998 

18 

16.867 

80 

81.648 

7 

7.492 

19 

16.846 

81 

88.406 

8 

8.017 

20 

17.891 

82 

86.869 

9 

8.674 

21 

18.496 

88 

87.410 

10 

9.166 

22 

19.669 

84 

89.666 

11 

9.792 

28 

20.888 

86 

41.827 

Sappose, 


v^  =  154  c.c.  in  200  minates. 
y  =  760  "/«• 
ft  =  757    „ 
e  =18.5  „ 
t  =  21°  C. 

154  X  273      42042 


V  ==: 


=  ^^T^  =  148 


.  =  .9755 


273  +  21    ""294 

757—18^  =  738.5 
757 

v  =  148  X  -9755  =  189.5  c.c.  in  200  min. 
=  .6975  O.C.  per  mipatel 
=  .01162  „     „    second. 

Reducing  this  to  vebers, 
.1721  C.C.  :  1  Teber  : :  .01162  c.c.  :  .067518  vebers  per  second. 

Now  dividing  this  product  hj  the  mean  tangent  of  the  galvan- 
ometer deflection  under  which  it  was  produced,  1.1189, 

we  have  .060343,  a  constani  mulHplier^ 

by  which  we  may  multiply  the  tangent  of  any  deflection  of  that 
same  galvanometer,  and  thereby  obtain  the  equivalent  of  the 
current  producing  it  in  vebers  per  second. 
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We  may  now  obtain  the  weight  in  grains  per  second  of  any 
metal  or  element  whose  salt  we  may  submit  to  electrolysis,  with 
this  galvanometer  in  drcait,  by  simply  multiplying  the  tange;at  of 
deflection  by  this  constant)  the  product  by  .000168  grains  (the 
hydrogen  equivalent  of  one  veber  per  second),  and  this  product  by 
the  chemical  equivalent  of  the  element. 

Suppose  a  salt  of  copper  has  been  submitted  to  the  same  current 
with  the  voltameter  in  the  preceding  example,  how  much  copper 
would  have  been  deposited  per  second  ? 

1.1189  X  constant,  .060343,  X  .000158  grs.  hydrogen  X  31.7, 

chem.  equivalent  of  copper, 
=  .000338  grs.  copper  per  second. 
=  .0203        n        „        „    minute. 

Multiplying  .6976  oo.  per  minute  by  .0292,  the  copper  equiva- 
lent of  1  O.C.,  we  have  the  same  answer,  .0208  grains  copper  per 
minute ;  thus  verifying  the  calculation. 

Hence  we  have  the  following 


Table  of  Equitalbnts 

V«lMr. 

Ohwikal          .'. 

V«lMr. 

Qniu  Troj  pw 

1 

XqniTmlflnt. 

• 

.0OOU8 

aaoond. 

ff 

Hydrogen 

1.0 

** 

.000158 

Water 

9.0 

II 

.001422 

Zinc 

82.6 

If 

.006186 

Copper 

81.7 

»$ 

.006009 

SUver 

106.0 

II 

.017064 

Nickel 

29.0 

II 

.004680 

Gold 

196.7 

f» 

.081080 

JEkctro-Motive  Force. 

We  are  now  possessed  of  the  elements  for  determining  the 
electro-motive  force  of  a  battery. 

Referring  to  the  formula  before  given  (p.  51)  for  determining 
the  interior  resistance  of  a  battery,  and  to  the  applications  of  Ohm's 
law,  to  be  found  in  all  modem  books  on  electricity,  we  see  that 

tje^  the  whole  resistance  in  ohmsj  multiplied  by  the  streng^th  in 
vebersj  gives  the  electro-motive  force  in  volts* 
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Such  are  the  laws  of  electrolysis,  as  discovered  and  laid  down 
by  Faraday,  who  announced  that  *^the  eUctrdytiic  action  of  a 
current  is  the  same  in  att  its  parts;  that  the  same  electric  current 
decomposes  chemicaUy  eqmvaient  quantities  of  aU  the  bodies 
which  are  traversed;'"  from  which  it  foUowB  that  ^the  weights 
of  elements  separated  in  these  electrolytes  are  to  each  other  as 
their  chemical  equivalents;"  and  that  ^^the  qitantity  of  a  body 
decomposed  in  a  given  time  is  proportional  to  the  intensity  of  the 
current" 

On  this  is  founded  the  use  of  Faraday's  voltameter,  in  whidi 
the  intensity  of  a  current  is  ascertained  from  the  quantity  of  water 
which  is  decomposed  in  a  given  time.*  It  would  seem,  then, 
reasoning  apriorij  that  a  constant  multiplier  obtained  for  a  true 
tangent  galvanometer  would  give  correct  and  reliable  results  in 
all  cases  of  electrolysis ;  that  any  one  engaged  in  electro-plating 
of  any  kind,  having  one  of  these  galvanometers  in  the  circuit, 
might  readily  know  how  many  grains  of  the  metal  is  deposited 
per  second,  by  multiplying  the  tangent  of  the  angle  of  deflec- 
tion by  the  constant^  and  the  profluct  by  the  proper  number  in 
the  right  hand  or  fifth  column  of  the  foregoing  table  of  equivalents 
(p.  55).  And  so  it  would  be  if  we  were  always  dealing  with  ele- 
ments that  were  perfectly  pure,  and  with  their  salts  that  were 
perfectly  neutral ;  but  such  perfection  and  purity  we  do  not  find 
in  ordinary  practice.  Results  therefore  can  be  taken  only  as 
approximations  to  truth,  which  will  be  more  or  less  remote  as  our 
materials  are  more  or  less  impure. 

In  the  investigation  of  these  laws,  the  writer  has  made  a  great 
number  of  tests  with  water  voltameters,  and  those  of  copper, 
silver,  and  gold,  the  results  of  which  were  at  first  very  discour- 
aging ;  no  two  being  found  to  agree  in  their  equivalents. 

But  finally  two  copper  baths,  one  of  sulphate  of  copper,  and 
one  of  nitrate  of  copper,  were  tried.  The  plates  to  be  used  were 
first  coated  with  reguline  copper^  by  deposition  from  solutions  in 
which  anodes  were  used  of  the  purest  copper  to  be  obtained. 
Now,  by  using  one  of  such  plates  as  anode  and  another  as  cathode, 
and  occasionally  reversing  the  current  until  the  solutions  became 
so  entirely  neutral  that  the  weight  of  metal  lost  from  the  anode 
and  that  gained  upon  the  cathode  were  equal,  and  the  transport 
in  the  two  voltameters  were  also  equal,  these  were  therefore 
taken  as  giving  correctly  equivalent  proportions  for  copper. 

«  Ganof  8  Physics,  p.  668. 
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But  in  the  electrolysis  of  acidulated  water  by  the  same  current, 
it  was  found  that  no  such  voltameter  as  is  described  by  Faraday 
or  other  authors  would  develop  a  measure  of  corrected  gas  suf- 
ficient to  amount  to  the  same  equivalent,  —  a  circumstance  evinc- 
ing clearly  the  fact,  that  between  electrodes  of  any  considerable 
size  a  part  of  the  current  is  conducted  without  decomposing  the 
water. 

But  by  fixing  two  pieces  of  No.  29  platinum  wire  across  a  glass 
tube,  of  an  interior  diameter  of  four-tenths  of  an  inch,  and  a  length 
of  about  six  inches  (the  tube  being  broken  and  the  wires  put  across 
and  melted  in),  a  voltameter  was  at  length  constructed  which 
gave,  in  the  same  circuit,  a  volume  of  gas  precisely  equivalent  to 
the  copper  deposited  in  the  copper  voltameters ;  and  fi-om  this  true 
multipliers  are  obtained. 

In  common  practice  every  operator  can  easily  obtain  for  him- 
self the  constant  multiplier,  which,  for  his  own  galvanometer 
and  bath,  will  determine  the  amount  of  work  performed  by  the 
current,  with  as  much  ac<!uracy  as  is  attainable  by  weights  and 
measures. 

To  do  this  let  him  take  a  few  articles  (such  as  present  large 
surfaces  in  proportion  to  their  weights  are  best),  and  accurately 
weigh  them ;  then  let  them  be  placed  in  the  bath  and  remain  a 
suitable  time,  which  must  be  accurately  noted,  together  with  the 
mean  deflection  of  the  galvanometer.  Now  let  them  be  accurately 
weighed  again,  and  the  weight  per  minute  estimated  in  grains; 
dividing  the  number  of  grsuns  by  the  tangent  of  the  mean  deflec- 
tion the  constant  sought  is  found. 


A.  A.  A.  S.   VOL.  XXI. 
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2.  On  Sympathetic  Vibrations,  as  exhibited  in  Okdinaby 
Machineby.    By  Joseph  Lovebing,  of  Cambridge,  Mass. 

At  the  meeting  of  this  Association  in  Burlington,  I  showed 
some  experiments  in  illustration  of  the  optical  method  of  making 
sensible  the  vibrations  of  the  column  of  air  in  an  organ-pipe.  At 
the  Chicago  meeting,  I  demonstrated  the  way  in  which  the  vibra- 
tions of  strings  could  be  studied  by  the  eye  in  place  of  the  ear, 
when  these  strings  were  attached  to  tuning-forks  with  which  they 
could  vibrate  in  sympathy ;  substituting  for  the  small  forks,  origi- 
nally used  by  Melde,  a  colossal  tuning-fork,  the  prongs  of  which 
were  placed  between  the  poles  of  a  powerful  electro-magnet. 
This  fork,  which  interrupted  the  battery  current,  at  the  proper 
time,  by  its  own  motion,  was  able  to  put  a  heavy  cord,  thirty  feet 
in  length,  in  the  most  energetic  vibration,  and  for  an  indefinite 
time.  I  propose,  at  the  present  time,  to  speak  of  those  sympa- 
thetic vibrations  which  are  pitched  so  low  as  not  to  come  within 
the  limits  of  human  ears,  but  which  are  felt  rather  than  heard,  and 
to  show  how  they  may  be  seen  as  well  as  felt. 
.  All  structures,  large  or  small,  simple  or  complex,  have  a  definite 
rate  of  vibration,  depending  on  their  materials,  size,  and  shape, 
and  as  fixed  as  the  fundamental  note  of  a  musical  cord.  They 
may  also  vibrate  inpartSy  as  the  cord  does,  and  thus  be  capable  of 
various  increasing  rates  of  vibration,  which  constitute  their  har- 
monics. If  one  body  vibrates,  all  others  in  the  neighborhood  will 
respond,  if  the  rate  of  vibration  in  the  first  agrees  with  their  own 
principal  or  secondary  rates  of  vibration,  even  when  no  more  sub- 
stantial bond  than  the  air  unites  a  body  with  its  neighbors.  In 
this  way,  mechanical  disturbances,  harmless  in  their  origin,  assume 
a  troublesome  and  perhaps  a  dangerous  character,  when  they  enter 
bodies  all  too  ready  to  move  at  the  required  rate,  and  sometimes 
beyond  the  sphere  of  their  stability. 

When  the  bridge  at  Colebrooke  Dale  (the  first  iron  bridge  in  the 
world)  was  building,  a  fiddler  came  along  and  said  to  the  work- 
men that  he  could  fiddle  their  bridge  down.  The  builders  thought 
this  boast  a  fiddle-de-dee,  and  invited  the  itinerant  musician  to 
fiddle  away  to  his  heart's  content.  One  note  afler  another  was 
struck  upon  the  strings  until  one  was  foand  with  which  the  bridge 
was  in  sympathy.    When  the  bridge  began  to  shake  violently. 
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the  incredulous  workmen  were  alarmed  at  the  unexpected  result, 
and  ordered  the  fiddler  to  stop. 

At  one  time,  considerable  annoyance  was  experienced  in  one 
of  the  mills  in  Lowell,  because  the  walls  of  the  building  and  the 
floors  were  violently  shaken  by  the  machinery :  so  much  so  that, 
on  certain  days,  a  pail  of  water  would  be  nearly  emptied  of  its 
contents,  while  on  other  days  all  was  quiet.  Upon  investigation 
it  appeared  that  the  building  shook  in  response  to  the  motion  of 
the  machinery  only  when  that  moved  at  a  particular  rate,  coin- 
ciding with  one  of  the  harmonics  of  the  structure ;  and  the  simple 
remedy  for  the  trouble  consisted  in  making  the  machinery  move 
at  a  little  more  or  a  little  less  speed,  so  as  to  put  it  out  of  time 
with  the  building. 

We  can  easily  believe  that,  in  many  cases,  these  violent  vibrations 
will  loosen  the  cement  and  derange  the  parts  of  a  building,  so  that 
it  may  afterwards  fall  under  the  pressure  of  a  weight  which  other- 
wise it  was  fully  able  to  bear,  and  at  a  time,  posdbly,  when  the 
machinery  is  not  in  motion ;  and  this  may  have  something  to  do 
with  such  accidents  as  that  which  happened  to  the  Pemberton 
Mills  in  Lawrence.  Large  trees  are  uprooted  in  powerful  gales, 
because  the  wind  comes  in  gusts ;  and  if  these  gusts  happen  to  be 
timed  in  accordance  with  the  natural  swing  of  the  tree,  the  efiect 
is  irresistible.  The  slow  vibrations  which  proceed  from  the  largest 
pipes  of  a  large  organ,  and  which  are  below  the  range  of  musical 
sounds,  are  able  to  shake  the  walls  and  floors  of  a  building  so  as  to 
be  felt,  if  not  heard,  thereby  ^mishing  a  background  of  noise  on 
which  the  true  musical  sounds  may  be  projected. 

We  have  here  the  reason  of  the  rule  observed  by  marching 
armies  when  they  cross  a  bridge ;  viz.,  to  stop  the  music,  break 
step,  and  open  column,  lest  the  measured  cadence  of  a  condensed 
mass  of  men  should  urge  the  bridge  to  vibrate  beyond  its  sphere 
of  cohesion.  A  neglect  of  this  rule  has  led  to  serious  accidents. 
The  Broughton  bridge,  near  Manchester,  gave  way  beneath  the 
measured  tread  of  only  sixty  men  who  were  marching  over  it. 
The  celebrated  engineer,  Robert  Stephenson,  has  remarked*  that 
there  is  not  so  much  danger  to  a  bridge,  when  it  is  crowded  with 
men  or  cattle,  or  if  cavalry  are  passing  over  it,  as  when  men  go 
over  it  in  marching  order.  A  chain-bridge  crosses  the  river 
Dordogne  on  the  road  to  Bordeaux.      One  of  the  Stephensons 

«  Edin.  Phil.  Jourii.  t.  p.  266. 
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passed  over  it  in  1845,  and  was  so  much  struck  with  its  defects, 
although  it  had  been  recently  erected,  that  he  notified  the  author- 
ities in  regard  to  them.  A  few  years  afterwards  it  gave  way 
when  troops  were  marching  over  it.* 

A  few  years  ago,  a  terrible  disaster  befell  a  battalion  of  French 
infantry,  while  crossing  the  suspension -bridge  at  Anglers,  in 
France.  Reiterated  warnings  were  given  to  the  troops  to  break 
into  sections,  as  is  usually  done.  But  the  rain  was  falling  heavily, 
and,  in  the  hurry  of  the  moment,  the  orders  were  disregarded. 
The  bridge,  which  was  only  twelve  years  old,  and  which  had 
been  repaired  the  year  before  at  a  cost  of  $7000,  fell,  and  two 
hundred  and  eighty  dead  bodies  were  found,  besides  many  who 
were  wounded.  Among  the  killed  or  drowned  were  the  chief 
of  battalion  and  four  other  officers.  Many  of  the  guns  were  bent 
double,  and  one  musket  pierced  completely  through  the  body  of 
a  soldier.  The  wholesale  slaughter  at  the  bridge  of  Beresina, 
in  Russia,  when  Napoleon  was  retreating  from  Moscow,  in  1812, 
and  his  troops  crowded  upon  the  bridge  and  broke  it,  furnishes 
a  fitting  parallel  to  this  great  calamity. 

When  Galileo  set  a  pendulum  in  strong  vibration  by  blowing 
on  it  whenever  it  was  moving  away  from  his  mouth,  he  gave 
a  good  illustration  of  the  way  in  which  small  but  regularly  re- 
peated disturbances  grow  into  consequence.  Tyndall  tells  us  that 
the  Swiss  muleteers  tie  up  the  bells  of  the  mules,  for  fear  that 
the  tinkle  should  bring  an  avalanche  down.  The  breaking  of  a 
drinking-glass  by  the  human  voice,  when  its  fundamental  note 
is  sounded,  is  a  well-authenticated  feat;  and  Chladni  mentions 
an  innkeeper  who  frequently  repeated  the  experiment  for  the 
entertainment  of  his  guests  and  his  own  profit.  The  nightingale 
is  said  to  kUl  by  the  power  of  its  notes.  The  bark  of  a  dog  b 
able  to  call  forth  a  response  from  certain  strings  of  the  piano. 
And  a  curious  passage  has  been  pointed  out  in  the  Talmud,  which 
discusses  the  indemnity  to  be  claimed  when  a  vessel  is  broken 
by  the  voice  of  a  domestic  animal.  If  we  enter  the  domain  of 
music,  there  is  no  end  to  th^  illustrations  which  might  be  given 
of  these  sympathetic  vibrations.  They  play  a  conspicuous  part  in 
most  musical  instruments,  and  the  sounds  which  these  instruments 
produce  would  be  meagre  and  ineffective  without  them. 

In  the  case  of  vibrations  which  are  simply  mechanical,  without 

*  Smilea's  Life  of  Stephenson,  p.  890. 
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being  audible,  or  at  any  rate  musical,  the  following,  ocular  demon- 
stration may  be  given.  A  train  of  wheels,  set  in  motion  by  a 
stroDg  spring  wound  up  in  a  drum,  causes  a  horizontal  spindle 
to  revolve  with  great  velocity.  Two  pieces  of  apparatus  like  this 
are  placed  at  the  opposite  sides  of  a  roouL  On  the  ends  of  the 
spindles  which  face  one  another  are  attached  buttons  about  an 
inch  in  diameter.  The  two  ends  of  a  piece  of  white  tape  are 
fastened  to  the  rims  of  these  buttons.  When  the  spindles,  with 
the  attached  buttons,  revolve,  the  two  ends  of  the  tape  revolvei 
and  in  such  directions  as  to  prevent  the  tape  from  twisting,  unless 
the  velocities  are  different.      Even   if  the  two  trains  of  wheels 


►*«< 


move  with  unequal  velocities,  when  independent  of  each  other, 
the  motions  tend  to  uniformity  when  the  two  spindles  are  con* 
nected  by  the  tape.  Now,  by  moving  slightly  the  apparatus  at 
one  end  of  the  room,  the  tape  may  be  tightened  or  loosened.  If 
the  tape  is  tightened,  its  rate  of  vibration  is  increased,  and,  at  the 
same  time,  the  velocity  of  the  spindles  is  diminished  on  account 
of  the  greater  resistance.  If  the  tape  is  slackened,  its  rate  of 
vibration  is  less,  and  the  velocity  of  the  spindles  is  greater.  By 
this  change  we  can  readily  bring  the  fundamental  vibration  of 
the  tape  into  unison  with  the  machinery,  and  then  the  tape  re- 
sponds by  a  vibration  of  great  amplitude,  visible  to  all  beholders. 
If  we  begin  gradually  to  loosen  the  tape,  it  soon  ceases  to  respond, 
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on  aocoant  of  the  twofold  effect  already  described,  until  the  time 
oomes  when  the  velocity  of  the  machinery  accords  with  the  first 
harmonic  of  the  tape,  and  the  latter  divides  beautifully  into  two 
vibrating  segments  with,  a  node  at  the  middle.  As  the  tension 
slowly  diminishes,  the  different  harmonics  are  successively  de- 
veloped, until  finally  the  tape  is  broken  up  into  numerous  segments 
only  an  inch  or  two  in  length.  The  eye  is  as  much  delighted  by  this 
visible  music  as  the  ear  could  be  if  the  vibrations  were  audible ;  and 
the  optical  demonstration  has  this  advantage,  that  all  may  see,  while 
few  have  musical  ears.  A  tape  is  preferred  to  a  cord  in  this  ex- 
periment, because  it  is  better  seen,  and  any  accidental  twist  it 
may  acquire  is  less  troublesome.  The  wood-cuts  on  the  opposite 
page  represent  the  apparatus  used,  drawn  on  a  scale  of  one  inch  to 
five  inches. 


3.  CoMPBEssED  Air  as  a  Motob.      By  William  Jobdan,  of 
Galena,  Illinois. 

The  very  alarming  and  exhausting  consumption  of  the  various 
kinds  of  fuel  for  steam  boilers  indicates  the  necessity  of  turning 
our  attention  to  Water  Streams  as  Motors. 

But  some  may  think  this  only  ideal.  This  has  always  been  said 
of  any  change  proposed  by  the  members  of  scientific  associations, 
and  their  predecessors,  for  at  least  fifty  years'  back.  All  honor  to 
those  far-seeing,  sagacious,  persevering,  investigating,  persecuted 
men  of  science,  who  gave  and  established  the  various  changes  and ' 
improvements,  although  taunted  at  the  time  as  mere  fools,  —  the 
beautiful  principle  of  the  condensing  steam-engine  being  perfected 
by  Watt.  But  I  remember  the  oscillating  beam  made  of  wood, 
and  boilers  of  lead,  two  inches  thick :  now  for  the  same  purpose 
-f^  of  an  inch  of  steel  plate  is  used.  The  introduction  of  spinning 
by  power  machinery,  and  the  dandy,  or  hand-loom,  now  super- 
seded by  the  power-loom,  was  fiercely  opposed  by  nearly  all 
parties,  but  especially  by  the  mistaken  operatives.  The  very  impor- 
tant sealing-wax  and  wafers,  flint  and  steel,  candles  and  sperm 
lamps,  sedans,  pack-horses,  slow  wagons,  and   canal-boats  have 


Digitized  by  VjOOQIC 


64  A.    MATHEMATICS,   PHYSICS,    AND   CHEMISTRY. 

almost  disappeared.  In  their  place  we  have  railways,  telegraphs, 
shoe,  sewing,  and  improved  agricultural  machines.  All  these  con- 
veniences were,  at  their  introduction,  scoffed  at,  and  had  to  he 
forced  into  use. 

We  formerly  sought  a  populous  place  to  make  a  railway :  now 
we  make  one  to  settle,  populate,  and  enrich  a  place.  Hence  the 
Northern  Pacific.     All  honor  to  its  promoters. 

And  now  I  come  to  the  question  of  fostering  manufactories  re- 
quiring cheap,  safe,  abundant,  and  ready  power.  However  Utopian 
it  may  seem,  please  allow  me  to  say  that  I  have  many  pleasing 
dreams,  suggestions,  and  inferences,  that,  if  I  am  so  favored  as  to 
possess  the  life  hereafter,  I  shall  not  be  debarred  from  knowing 
the  situation  and  social  improvements  of  those  left,  and  in  fifly 
more  years  find  that  nearly  all  the  power  used  for  manufacturing 
will  be  derived  from  water-streams,  currents,  and  ocean  tides,  in  lieu 
of  expensive,  uncontrolled,  and  dangerous  steam,  as  at  present. 

I  suggest  that  there  be  erected  on  land,  near  a  swifl  slough,  at 
the  nearest  place  on  the  Mississippi  or  other  stream,  self-regulating, 
under-shot  water-wheels,  or  immersed  Archimedean  screws,  or 
propellers,  with  gearing  to  cylinders,  to  compress  the  atmosphere 
through  a  large  reserve  air-chamber  and  main  pipe  or  tube,  laid 
on  or  under  ground  to  the  city,  and  smaller  branch  pipes,  cut-off 
cocks,  ifcc,  to  the  various  manufactories.  The  inducement  to 
manufacture  with  power  anywhere  in  the  city,  without  purchasing  a 
special  w^ter-lot,  and  without  fire,  heat,  or  danger  from  steam-boiler 
explosions,  would  be  great ;  and  the  good  effect  of  the  liberated 
air  would  have  a  valuable  sanitary  effect,  by  removing  the  malaria 
and  vitiated  foul  gases.  After  the  first  outlay,  the  running  ex- 
penses would  be  very  little ;  and,  after  one  example,  I  think  that 
city  governments  would  see  it  to  be  to  their  advantage  and  policy 
to  supply  power  of  this  description  gratuitously. 
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4  On  Zonochlorite,  a  New  Hydrous  Silicate  from  Nbep- 
iGON  Bay,  North  Shore  of  Lake  Superior,  B.  A.  By 
A.  E.  FooTB,  of  the  Agricultural  College,  Iowa. 

In  1867,  during  a  natural  history  excursion  through  that  portion 
of  British  America  that  borders  upon  the  north  shore  of  Lake 
Superior,  I  examined  some  minerals  in  possession  of  one  of  the 
traders  of  Hudson's  Bay  Company. 

Most  of  these  were  varieties  of  quartz,  but  among  them  was 
what  he  called  a  green  agate.  I  succeeded  in  obtaining  a  very 
small  piece  from  him.  This  I  examined  in  the  winter  of  1867  and 
1868,  and  pretty  fully  satisfied  myself  that  it  was  something  new. 
The  specimen  that  I  had  was  too  small  to  admit  of  quantitative 
tests,  and  I  therefore  postponed  making  public  my  discovery.  In 
the  summer  of  1868  I  organized  an  exploring  party  of  thirteen 
men,  having  for  my  main  object  the  discovery  of  the  locality  of 
this  mineral.    In  this  I  fully  succeeded. 

It  occurs  in  the  amygdaloid  trap  on  the  shore  of  a  small  island 
which  lies  off  the  mouth  of  Neepigon  Bay;  the  largest  bay  on  the 
north  shore  of  Lake  Superior. 

It  is  associated  with  laumonite,  stillbite,  prehnite,  quartz  in  the 
varieties,  amethyst,  agate,  camelian,  copper,  datholite,  and  calcite. 
The  mineral  is  found  massive,  banded  with  different  shades  of 
dark  green.  It  has  a  hardness  of  6^  to  7^,  and  b  quite  tough. 
Its  specific  gravity  is  3.113,  on  the  average  of  16;  highest  3.157, 
lowest  3.042.  Heated  in  a  test-tube,  its  powder  yields  water,  and 
becomes  brownish-white.  The  thin  edges  ftise  with  difficulty  to  a 
dark  glass. 

With  borax  and  the  fluxes  it  gives  reactions  for  iron.  In  HCl 
it  dissolves,  with  the  separation  of  silicic  acid,  as  a  fine  i^owder. 
The  spectroscope  shows  lime  and  soda,  and  qualitative  tests 
prove  alumina  and  iron.  The  water  was  determined  by  igniting 
the  powdered  mineral  in  a  glass  tube  ten  inches  long,  closed  at 
one  end,  and  a  quarter  of  an  inch  in  calibre. 

The  water  was  condensed  in  the  tube,  and  was  removed  by 
evaporation.  It  was  found  that  less  than  one-tenth  per  cent  was 
lost  by  volatilization. 

A.A.A.S.  yoL.xxi.  9 
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The  average  of  a  number  of  estimations  gave  as  the  percentage 
of  water  8.7 ;  the  highest,  12.9 ;  the  lowest,  7.03. 

The  lime,  silica,  iron,  alumina,  and  soda  were  estimated  by  the 
ordinary  methods  detailed  in  Fresenius.  The  physical  characters 
of  the  mineral  seem  to  me  to  be  so  marked  as  to  be  sufficient  to 
indicate  a  new  mineral,  and  this  also  is  the  opinion  of  Professors 
Gustav  Rose  and  Des  Cloiseaux,  as  well  as  of  many  others  to 
whom  I  have  shown  it. 

On  account  of  its  hardness  and  toughness  it  is  susceptible 
of  a  high  polish,  and  may  be  used  as  a  gem.  I  propose  the 
name  "  Zonochlorite,"  from  jcm^,  a  band,  ;^>loo^og,  green,  and  Xido?^ 
stone. 


5.  On  Soil  Analyses  and  thbib   Utility.    By  Eugenk  W. 
HiLGABD,  of  Oxford,  Miss. 

In  the  "  American  Journal  of  Science "  for  September,  1861, 
Professor  S.  W.  Johnson  published  a  criticism  on  the  "  Soil  Analy- 
ses of  the  Geological  Surveys  of  Kentucky  and  Arkansas,"  whose 
strictures,  to  a  great  extent  eminently  just,  appear  to  have  so 
impressed  the  scientific  public  in  this  country,  that  few,  if  any, 
soil  analyses  have  since  then  been  made  in  connection  with  any 
state  or  national  survey,  excepting  that  of  the  State  of  Missis- 
sippi, where  the  work  already  begun  was  continued,  either  by 
myself  or  under  my  charge  or  recommendation,  by  others.  Hold- 
ing myself  responsible  for  this  departure  from  the  generally 
adopted  views,  I  propose  in  the  present  paper  to  discuss  specially 
Professor  Johnson's  objections,  and  to  give  my  reasons  for  per- 
sisting in  a  course  of  research  that  has,  more  than  once,  secured 
for  myself  and  my  co-laborers  the  compassionate  sympathy  of 
true  believers.  While  I  consider  the  work  far  from  being  aa 
complete  as  it  should  be,  and  whereas  for  that,  as  well  as  other 
reasons,  its  publication  in  detail  may  be  delayed  for  some  time, 
yet  I  think  what  can  now  be  said  of  sufficient  importance  to  be 
brought  before  this  meeting. 
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I  propose,  in  this  discassion,  to  maintain  the  mainly  practical 
standpoint  assumed  by  Professor  Johnson  himself.  I  shall  there- 
fore leave  oat  of  consideration  the  performance  of  such  exhaustive 
investigations  of  all  the  physical  and  chemical  properties  of  the 
soil,  as  have  been  made  in  some  cases,  for  special  purposes ;  e.g,y 
by  Professor  Mallet,  on  some  of  the  cotton  soils  of  Alabama.  If 
the  investigation  of  each  soil,  to  possess  practical  importance, 
requires  from  three  to  six  months'  labor,  we  may  as  well,  for 
practical  purposes,  consider  such  researches  out  of  the  question 
for  the  present.  We  want  something  analogous  to  the  metal- 
lurgical assay  of  minerals,  as  distinguished  from  their  complete 
ultimate  analysis.  So  far,  therefore,  as  the  agricultural  qualities 
of  a  soil  may  be  inferred  and  approximately  estimated  by  an 
experienced  eye,  I  would  relieve  the  chemist  from  the  exact 
numerical  determination,  e.g^  of  the  power  of  absorbing  heat 
from  the  sun,  the  specific  heat,  the  water-holding  power,  the 
capillary  coefficients,  &c.  However  necessary  for  theoretical 
investigations,  I  hold  that,  for  practical  purposes,  these  labori- 
ous determinations  may  in  most  cases  be  dispensed  with;  since 
from  what  has  already  been  done,  or  what  can  be  done  with  a 
few  typical  soils,  we  may  infer  the  comparative  magnitude  of  these 
coefficients  with  a  sufficient  degree  of  approximation. 

The  amount  of  labor  bestowed  on  each  soil  by  Dr.  Peter,  as 
reported  in  the  Kentucky  and  Arkansas  surveys,  approaches  very 
closely  the  limit  beyond  which  the  immedicUe  advantages  to  be 
derived  from  such  knowledge  of  soUs  as  analysis  may  impart 
would  seem,  to  many,  disproportioned  to  the  expenditure  in- 
volved. How  very  modest  we  are  truly,  when  a  purely  scientific 
object  is  involved,  whose  immediate  practical  application  is  not 
obvious  at  a  glance  I  In  what  other  branch  of  technical  science 
would  it  be  thought  admissible  to  proceed  without  obtaining  such 
knowledge  of  the  prime  materials  as  chemistry  may  affi^rd,  even  if 
no  immediate  application  of  this  knowledge  be  foreseen  ?  Our 
public  treasuries  are  constantly  drawn  upon  for  hundreds  of  thou- 
sands of  dollars,  in  behalf  of  objects  of  at  least  questionable  use- 
fulness. Yet  Professor  Johnson  seems  to  have  thoroughly  satisfied 
our  state  geologists  that  they  are  not  justified  in  giving  the  virgin 
soils  of  their  respective  States  the  benefit  of  such  light  as  chem- 
istry may  even  now  confessedly  affi^rd ;  apart  from  the  important 
general  inferences  which  may  fairly  be  expected  to  be  drawn 
hereafter  from  the  history  of  their  cultivation.     How  are  we  to 
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advance  in  our  knowledge  of  soUs,  if  we  abandon  as  hopeless  the 
determination  of  their  chemical  character  ?  Are  the  proofs  that 
have  been  brought  against  the  utility  of  soil  analyses  really  of 
such  a  character  as  to  justify  so  grave  an  omission?  —  an  omission,  • 
too,  which  in  many  cases  cannot  hereafter  be  supplied.  Even  in 
the  comparatively  youthful  State  of  Mississippi,  I  have  found  diffi- 
culty in  obtaining  reliable  specimens  of  some  soils,  whose  great 
productiveness  had  led  to  their  cultivation  by  the  earliest  settlers, 
over  the  entire  area  of  their  occurrence. 

I  question  the  propriety  of  this  omission,  and  the  justice  of  the 
testimonium  paiq[>ertaHs  thus  inflicted  upon  agricultural  and  ana- 
lytical chemistry. 
'    To  define  my  position,  I  premise  that  — 

1.  I  fully  agree  with  Professor  Johnson  as  to  the  comparative 
uselessness  of  a  single  analysis  giving  the  percentages  of  soil 
ingredients  found  in  ordinary  cases.  It  is  only  when  such  analy- 
sis demonstrates  the  great  abundance^  or  very  great  deficiency^  of 
one  or  several  primarily  important  ingredients,  that,  by  itself^  it . 
conveys  information  of  considerable  practical  importance.  Note, 
that  such,  cases  are  not  altogether  infrequent,  even  in  vir^ 
soils. 

2.  I  agree  that  an  ^average  soil"  is  a  non  ens^  except  as  re- 
ferred, comparatively,  to  a  particular  set  of  soUs  closely  related  in 
their  origin. 

3.  Also,  that  the  claim  of  being  able  to  detect  the  minute  differ- 
ences caused  by  cropping  without  return  to  the  soil  is  pre- 
carious, and  perhaps  beyond  the  power  of  our  present  analytical 
resources. 

4.  I  further  admit  that,  ordinarily,  the  analysis  of  soils  long 
cultivated,  and  treated  with  manures,  can  give  but  little  and  very 
partial  information  as  to  the  condition  and  composition  of  the  soil; 
from  the  great  difficulty,  if  not  impossibility,  of  obtaining  £dr 
representative  specimens. 

5.  Furthermore,  that  to  designate  soils  by  the  names  of  the 
Cretaceous,  Carboniferous,  or  Silurian  strata  they  may  happen 
to  overlie,  is  very  loose  practice;  since,  in  most  cases,  they 
are  derived  from  Quaternary  deposits,  which  may  or  may  not 
have  been  influenced  in  their  composition  by  the  subjacent 
rocks. 

On  the  contrary  I  demur,  in  the  first  place,  to  the  broad  asser- 
tion that  "  it  is  practically  impossible  to  obtain  average  specimens 
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of  the  soiIy"  as  inapplioable  to  a  very  large  class,  especially  of 
virgin  soils,  covering  large  areas  with  a  uniformity  of  character 
corresponding  to  that  of  subjacent  formations,  from  which  they 
have  been  directly  derived,  by  substantially  identical  and  uniform, 
or  uniformly  variable,  processes.     . 

The  importance  of  tiiis  exception  is  not,  it  is  true,  very  obvious 
in  the  stony  fields  of  New  England  (such  as  discouraged  Professor 
Johnson  in  his  vacation  trip  to  Northern  New  York),  or,  in  fact,  in 
any  district  where  a  great  variety  of  formations  has  directly  con* 
tributed  toward  forming  the  soil,  and  **  chunks  "  of  undecomposed 
minerals  are  diffused  through  it.  In  such  cases,  the  analysis  of  the 
rock  which  has  predominantly  contributed  to  the  mass  of  the  soil 
proper  would  be  a  more  correct  index  of  the  prevalent  character- 
istics of  the  latter,  than  if  itself  were  taken  in  hand.  And  from 
such  analyses  we  could  at  least  deduce  what  ingredients,  and  in 
what  form,  it  would  certainly  be  useless  to  add  to  the  soiL 

But  when  we  come  to  the  great  plains  of  the  West  and  South* 
west,  whose  soils  are  consistently  derived  from  widespread  Quater- 
nary deposits,  composed  of  materials  almost  impalpable  save  «s 
regards  silicious  sand ;  or  even  the  rolling  uplands  ot  the  Gulf 
States,  whose  subsoil  stratum  of  "yellow  loam**  can  only  be 
diluted,  but  not  otherwise  changed,  by  the  admixture  of  the 
underlying  drift,  leached  long  ago  of  every  thing  soluble  in  car- 
bonated water,  or  available  to  plants :  the  objection  based  upon 
the  supposed  impossibility  of  securing  representative  specimens 
becomes  obviously  untenable ;  as  I  shall  hereafter  show  from  the 
close  correspondence  in  the  composition  of  soils,  and  especially 
sitbsoWSy  from  widely  distant  portions  of  the  State,  derived  from 
the  same  geological  (Quaternary)  stratum, 

A  word  in  regard  to  the  "  freaks  and  accidents "  mentioned  by 
Professor  Johnson  as  liable  to  make  sport  of  the  devoted  analyst. 
Undoubtedly  such  errors  must  be  ultimately  provided  against  by 
multiplication  of  analyses  (not  necessarily  of  the  same  acre,  but  of 
other  corresponding  specimens,  in  the  sense  mentioned  above)  ; 
and  while  questioning  the  efficiency  of  a  bird  or  squirrel  in  viti- 
ating a  properly  taken  sample  of  soil,  I  must  admit  the  disastrous 
consequences  which  might  result  if  a  dog,  cow,  or  horse  were 
similarly  concerned.  No  specimen  of  "virgin  soil"  can,  of  coui-se, 
be  obtained  where  such  animals  usually  do  congregate.  But,  as  a 
rule,  it  is  not  at  all  difficult  to  avoid  such  places ;  while  the  chance 
of  accidentally  hitting  upon  a  sporadic  animal  deposit  in  the  broad 
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woods  or  prairies  is  singularly  small,  and  is  notably  diminished  by 
the  circumstance,  that  an  attentive  observer  (and  none  other 
should  take  soil  specimens)  will  be  able  to  distinguish  such  locali- 
ties for  years,  by  the  peculiarity  of  their  vegetation. 

I  will  remark,  however,  that  I  consider  the  sampling  of  a  soil, 
with  a  view  to  securing  a  representative  specimen,  as  a  matter  second 
in  difficulty  and  delicacy  only  to  the  analysis  itself;  that  I  rarely 
have  thought  it  worth  while  to  analyze  specimens  sent  by  other 
than  intelligent  persons  specially  instructed  by  me ;  and  even  then 
have  frequently  had  to  reject  them,  from  their  having  obviously 
been  taken  at  an  improper  locality,  e.g^  near  a  foot-path,  by  the 
side  of  a  fence,  on  a  partially  denuded  hillside  or  ravine,  in  the 
bed  of  a  run,  at  the  foot  of  a  tree,  &c. 

The  question  of  depth  must,  in  my  view,  be  left  to  be  deter- 
mined by  the  circumstances  of  each  case,  except  in  so  far  as  the 
extreme  depth  to  which  tillage  may  cause  the  roots  of  crops  to 
reach  must  be  within  the  limits  of  the  samples  taken.  Of  these, 
one  should  ordinarily  represent  what,  under  the  usual  practice  of 
tiUage,  becomes  the  arable  soil ;  another,  the  subsoil  not  usually 
broken  into;'  a  third  will  in  most  cases  be  useful  to  show  what 
materials  would  be  reached  were  the  land  to  be  underdrained. 
As  a  rule,  I  have  taken  no  specimens  of  soil  to  a  less  depth  than 
six  inches,  and  as  much  deeper  as  uniformity  of  color  reached,  — 
for  obvious  reasons.  But  in  special  cases,  when  important  differ- 
ences were  suggested  by  the  aspect  of  the  soil  and  subsoil,  they 
have  been  separately  examined,  at  whatever  depth  the  change  of 
color  might  occur. 

With  soils  of  the  character  referred  to,  samples  selected  and 
taken  with  due  care,  and  strict  attention  to  thorough  intermixture, 
both  in  the  field  and  subsequently  in  the  laboratory,  I  am  unable 
to  see  why  even  two  grammes  may  not  correctly  represent  the  char- 
acteristics of  a  thousand  acre  tract.  Not  that  every  point  of  that 
tract  would  be  likely  to  give  the  same  percentage  result,  perhaps ; 
especially  as  regards  the  surface  soil,  which  might  in  places  be 
more  clayey  or  more  sandy  than  the  sample  analyzed.  StUl,  the 
relative  proportions  of  the  soil  ingredients^  and  their  degree  of 
availability^  would  remain  substantially  the  same;  the  wider 
range  and  readier  penetration  of  roots  in  sandier  soils  making  up, 
within  certain  limits,  for  the  smaUer  percentage  of  available  in- 
gredients in  a  given  bulk,  as  compared  with  more  clayey  ones. 

From  the  fact  that  the  atmospheric  surface  water  must,  in  its 
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course,  inevitably  have  a  tendency  to  bring  about  such  inequali- 
ties, by  carrying  forward  the  finer  particles  of  the  soil  in  larger 
proportion  than  the  coarser  ones,  as  well  as  from  the  greater  in- 
flaence  of  vegetation,  we  shall,  in  the  series  of  analyses  made  a 
postulate  by  Professor  Johnson,  expect  to  find  a  closer  agreement 
between  those  of  subsoils  than  those  of  surface  soils.  Such  I  find 
to  be  very  decidedly  the  case ;  so  much  so,  that  I  habitually  look 
to  the  former  as  the  most  reliable  index  of  a  soil's  distinctive 
character.  To  this  there  can  be  no  legitimate  objection,  when, 
as  in  all  the  upland  soils  now  under  consideration,  the  surface  soil 
is  directly  derived  from  the  subsoil,  and  its  depth  is  less  than 
thorough  culture  would  give  to  the  arable«soil. 

As  regards  the  analysis  itself,  I  premise  that  I  have  always 
found  even  the  most  '*  chemically  pure  "  reagents  sold  by  dealers 
quite  inapplicable  to  the  purpose  of  soil  analysis.  From  first  to 
last,  I  have  prepared  or  purified  these  myself;  and,  as  regards  the 
acids,  especially  hydrochloric,  I  have  found  it  necessary  to  reject, 
as  a  rule,  even  the  purest,  after  keeping  it  for  a  few  weeks  in  a 
glass  bottle.  The  same  is  true,  and  perhaps  in  an  aggravated 
degree,  of  aqua  ammonisB.  The  severe  ordeal  of  slow  evaporation 
on  a  bright  platinum  foil  will  rarely  be  passed  by  ammonia  a  fort- 
night  old ;  and  still  less  frequently  by  hydroHSulphide  of  ammonium. 

Armed  with  these,  and  a  multitude  of  other  precautions,  usual 
and  unusual,  to  secure  the  utmost  possible  accuracy ;  always  treat- 
ing the  soil  with  the  same  large  excess  of  acid  of  uniform  strength, 
and  precipitating  all  corresponding  precipitates  as  much  as  pos- 
sible from  the  same  volume  of  liquid;  using  none  but  the  best 
Bohemian  glass,  and  platinum  vessels,  and  filters  specially  ex- 
tracted, —  operating,  in  short,  as  unifoi-mly  as  the  nature  of  the 
materials  would  permit,  I  confess  I  felt  considerable  confidence 
in  the  correctness  of  my  results,  until  the  experiments  made  in 
Bunsen's  laboratory,  on  the  solubility  of  glass  vessels,  gave  rise  to' 
unpleasant  doubts.  On  consideration,  however,  I  found  that  the 
(sensibly  constant)  error  so  introduced  would  not,  when  allowed 
for,  amount  to  more  than  the  diff*erences  between  two  analyses  of 
one  and  the  same  material,  or  vitiate  in  any  serious  degree  the 
conclusions  arrived  at.  Nevertheless,  I  shaU  hereafter,  to  the 
atmost  possible  extent,  carry  on  all  operations  liable  to  introduce 
errors  on  this  score  in  platinum  and  porcelain  vessels,  as  advised 
by  Bunsen. 

As  regards  Dr.  Peter's  failure  to  determine  the  amounts  of  sol- 


Digitized  by  VjOOQIC 


72  A.    MATHEMATICS,  PHYSICS,  AKD   CHBMISTBT. 

nble  silex,  nitrio  acid,  ammonia,  chlorine,  and  the  degree  of  oxida^ 
tion  of  the  iron,  I  agree  that  the  former  is  desirable,  not  only 
because,  whether  ^^ essential"  or  not,  some  plants  do  habitually 
absorb  it  in  very  large  quantities,  and  it  might  be  best  to  let  them 
have  it ;  but  also  because  it  is  a  desirable  index  of  the  degree  of 
decomposition  which  the  soil  silicates  have  undergone.  I  have 
therefore  made  this  determination  regularly,  by  boiling  with  solu- 
tion of  sodium  carbonate.  In  a  series  of  these  determinations,  an 
unmistakable  relation  between  the  soluble  silex  and  the  amount 
of  lime  in  the  soil  becomes  manifest ;  as  might,  indeed,  have  been 
foreseen. 

As  regards  nitric  acid,  the  consideration  suggested  by  Professor 
Johnson  himself — viz.,  that  its  quantity  must  be  exceedingly 
variable,  within  short  periods,  in  one  and  the  same  soil  —  seems 
to  me  a  sufficient  dispensation  from  the  laborious  determination. 

The  same  holds  good,  in  a  measure,  for  ammonia.  Its  quantity 
varies  continually  in  the'  soil,  as  it  does  in  the  atmosphere;  its 
chief  absorbers  in  the  soil  are  "humus"  and  clay.  Where  these 
prevail  largely,  ammonia  can  scarcely  be  deficient  as  a  nutritive 
ingredient  to  an  injurious  extent ;  albeit,  more  might  doubtless  be 
beneficially  added.  Moreover,  the  characteristic  effects  of  ammonia 
on  vegetation  are  sufficiently  obvious  (in  "  running  to  weed ")  to 
render  its  determination  in  virgin  soils,  laborious  and  even  uncer- 
tain as  it  is,  a  matter  of  comparatively  little /Troc^ico/  consequence, 
however  great  might  be  its  theoretical  interest. 

As  for  the  determination  of  the  degree  of  oxidation  of  iron,  I 
confess  I  fail  to  see  its  practical  bearing.  When  ferric  oxide  is 
present,  plants  surely  can  have  no  difficulty  in  reducing  the  modi- 
cum they  need  to  a  soluble  condition.  When  ferrous  oxide  exists 
to  any  great  extent,  it  indicates  a  want  of  drainage,  and  manifests 
itself  both  in  the  color  of  the  soil  and  in  the  poisonous  effect  on 
vegetation.  But  &rmers  surely  do  not  need  the  aid  of  chemical 
analysis  to  tell  them  that  their  soil  needs  drainage  and  aeration  I 
A  determination  made  to-day  would  be  of  no  vnlue  to-morrow,  if 
the  soil  had  been  ploughed  in  the  intervaL 

Finally,  Dr.  Peter  does  determine  chiorinej  in  the  treatment  of 
soils  with  carbonated  water;  though  it  is  not  put  down  in  the 
general  analysis.  However,  the  soluble  chlorides,  like  the  nitrates, 
are  so  constantly  liable  to  variation  and,  as  experience  shows,  so 
little  likely  to  be  deficient  in  the  soil,  that  its  omission  would  not 
be  a  serious  practical  objection.. 
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A  much  graver  defect  is  the  &ilare  to  determine  separately  the 
organic  matter  (^hamus")  and  the  chemically  combined  water; 
and  to  this  is  owing,  in  a  measare,  the  unsatisfactoriness  of  the 
analyses  as  regards  information  on  the  physical  character  of  the 
soils.  A  large  amonnt  of  water  of  hydration  indicates,  in  ordinary 
cases,  a  correspondingly  clayey  soil,  where  heaviness  in  working 
may,  or  may  not,  be  relieved  by  a  large  amonnt  of  ^homns,"  The 
*' volatile  matter"  item,  however,  gives  us  no  information  whatso- 
ever on  these  vitally  important  points;  and  there  is,  nnfortonately, 
no  simple  method  by  which  the  determinations  in  question  can 
be  effected  even  approximately.  That  they  should  form  part  of 
every  soU  analysis,  is  obvious,  if  only  on  account  of  the  impor- 
tance of  "humus." 

I  have  attempted  to  obtain  a  reliable  scale  of  the  different 
degrees  of  "  heaviness  '^  of  soils,  from  the  determination  of  their 
maximum  absorption  of  hygroscopic  moisture  at  ordinary  temper- 
atures. I  find  that  at  temperatures  from  about  -|-  7^  to  -|-  ^^^9 
the  amount  of  aqueous  vapor  absorbed  by  a  thin  layer  of  soil 
exposed  to  a  acUurcUed  atmosphere  remains  very  nearly  constant, 
being  for — 

Very  sandy  Boils 1.6    to    2.0  per  cent 

Loam  soils 5.0    to    8.6       „ 

Clay  soils,  very  heayy  ....    12.0    to  16.0       „ 

there  being,  of  course,  all  intermediate  grades  of  hygroscopic 
power,  as  well  as  of  "  heaviness."  It  appears  that,  for  this  interval 
of  temperature,  the  decrease  of  absolute  absorbing  power  in  the 
soil,  resulting  from  the  rise  of  temperature,  is  just  balanced  by  the 
increased  amount  of  vapor  diffused  in  the  air, — not  an  unimportant 
circumstance,  with  regard  to  vegetable  life. 

There  are,  however,  two  soil  ingredients  which  interfere  seriously 
with  the  correctness  of  the  estimate  as  to  "  heaviness,"  derived 
from  the  coefficient  of  absorption,  viz.,  ^^  humus  ^  and  ferric  oxide. 
Both  of  these  are  highly  hygroscopic,  yet  both  counteract  the 
^heaviness"  caused  by  excess  of  clay.  Moreover,  there  is  a  class 
of  soils  (viz.,  fine  silicious  silts)  whose  exceeding  '< heaviness"  in 
cultivation  is  much  complained  o^  yet  whose  absorbent  power  is 
very  small. 

When,  as  in  the  majority  of  cases,  the  sur&ce  soil  has  been 
directly  derived  from  the  subsoil,  the  disturbing  effect  of  the 
^ humus"  may  be  sensibly  eliminated  by  comparing,  not  the  soils, 
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bnt  the  subsoils,  in  this  respect.*  As  to  the  ferric  oxide,  there  are 
among  about  two  hundred  Mississippi  soils  analyzed  but  three  or 
four  whose  agricultural  qualities  would  have  been  seriously  under- 
estiniated  by  a  reliance  upon  the  coefficient  of  absorption  alone. 

But  I  do  not  for  a  moment  admit,  that,  in  a  material  so  complex 
both  in  its  composition  and  mode  of  action,  any  one  or  few  data^ 
whether  chemical,  physical,  or  agricultural,  may  be  relied  upon  to 
characterize  the  soil :  or,  as  Professor  Johnson  expresses  it,  ^  to  do 
violence  to  agriculture."  So  far  from  this,  I  consider  that  a  proper 
interpretation  of  the  analytical  results  must  take  into  consideration, 
not  only  all  the  chemical  and  physical  foots  observed  on  the  speci- 
men, but  all  that  has  been  or  can  be  observed  in  locoy — the  loca- 
tion, depth,  derivation,  relations  to  drainage,  &c.;  as  well  as  all 
that  is  known  concerning  the  qi^lities  or  peculiarities  of  the  soU, 
both  in  its  natural  state  and  in  cultivation.  As  Professor  Johnson 
says,  it  should  "form  part  of  a  system  of  observations  and  trials ; 
must  be  a  step  in  some  research  \.  must  stand,  not  as  an  index  to 
a  barren  fact,  but  as  the  revelator  of  fruitful  ideas.'' 

Such,  precisely,  has  been  my  object  from  the  beginning  of 
my  researches  on  the  soils  of  Mississippi,  for  sixteen  years  past. 
Clearly,  the  difference  between  Professor  Johnson's  position  and 
mine  is  one  of  degree  only ;  yet  this  difference  is  not  a  slight  one, 
since  while,  as  before  remarked,  I  have  made,  or  caused  to  be  made, 
some  two'  hundred  analyses  of  soils  and  subsoils,  his  classic  woiks 
on  the  growth  and  nutrition  of  plants  do  not  contain  so  much  as  a 
tabular  exemplification  of  the  composition  of  various  soils,  as  re- 
sulting from  chemical  analysis.  If,  then^  "  the  probabilities  of  its 
uselessness  in  direct  application  to  practice  are  so  great,"  as  Pro- 
fessor Johnson  seems  to  hold,  I  have  committed  a  grievous  error, 
and  squandered  the  substance  of  the  State. 

I  think  that  the  considerations  already  adduced  should  plead 
measurably  in  extenuation  of  my  course.  But  I  will  now  state 
sucdncdy  what  services,  in  my  view,  soil  analyses  may  fairly 
claim  to  be  capable  of  performing,  when  conducted  substantially 
in  the  manner,  to  the  extent,  and  under  the  conditions  defined 
above. 

I  take  it  for  granted  that,  if  in  the  determination  of  the  mineral 
ingredients  we  were  able  to  distinguish  clearly  from  one  another 
the  portion  inmiediately  available  to  plants  from  that  which  is  in 

*  In  Buch  cases,  the  surfiu^  soil  is  always  more  sandy  than  the  snbaoiL 
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an  unavailable  form,  we  should  go  far  toward  acoomplishing  what 
was  originally  claimed  for  soil  analysis;  and  this  Dr.  Peter  at- 
tempted to  do  by  treatment  of  the  soils  with  carbonated  water. 
It  cannot  be  doubted,  however,  that  plants,  as  well  as  agricul- 
turists, have  at  their  disposal  much  more  powerful,  or  at  least 
more  energetic^  solvents ;  and  that,  therefore,  a  determination  of 
those  ingredients  which  may  fairly  be  considered  practically  within 
the  reach  of  agriculture  must  go  deeper  than  does  that  with  car- 
bonated water. 

Opinions  may  difTer  widely  as  to  the  proper  strength  and  nature 
of  the  solvent  {AirfachUesmmgmiiUel)  to  be  selected.  Hydro- 
fluoric acid,  or  ignition  with  the  alkaline  earths,  would  evidently 
go  too  fiir;  as  no  soil,  probably,  will  ever  yield  up  the  whole  of 
its  nutritive  ingredients  to  plants,  and  fertility  is  far  from  being 
proportional  to  the  whole  amount  of  potash,  phosphoric  acid,  ftcy 
contained  therein. 

When,  however,  a  partial  solvent  of  uniform  strength  is  used 
in  all  cases  alike,  and  its  action  continued  for  the  same  length  of 
time,  it  may  fiurly  be  presumed  that,  as  between  soils  of  similar 
crigifiy  the  amounts  so  rendered  soluble  are,  in  a  measure,  propor- 
tional to  the  amounts  of  available  nutriment  ^present. 

In  using  hydrochloric  acid  of  the  strength  1.11  to  1.12  sp.  gr., 
obtained  by  slow  steam  distillation  of  stronger  or  weaker  add^ 
rejecting  the  first  and  last  portions,  I  have  in  most  cases  found 
quite  a  satis&ctory  agreement  between  the  results  so  obtained  and 
the  experience  of  cultivators  as  to  the  productiveness  and  duration 
of  the  respective  soils ;  always  provided^  that  the  difference  in  the 
amounts  of  inert  sand  present,  of  specific  gravity,  of  depth  of  soilt 
&c.,  were  taken  into  account. 

The  proviso  is  important ;  but  that  with  a  proper  local  knowl« 
edge  these  allowances  can  be  made,  and  that  in  most  cases  the 
information  thus  gained  regarding  the  nature  and  treatment  of 
the  soil  will  be  vastly  more  complete  and  reliable  than  the  judg- 
ment of  any  number  of  "  old  intelligent  fiirmers,"  my  experience 
has  fully  convinced  me:  witness  the  egre^ous  mistakes  daily 
made  by  such  in  the  selection  of  new  lands.  Moreover,  a  small 
minority  only  of  farmers  is  likely  to  possess  the  requisite  ^^age  and 
intelligence ; "  and  it  is  quite  important  that  the  multitude  of  those 
less  fortunate  should  have  the  benefit  of  all  the  help  science  can 
give  them. 

I  will  adduce  but  one  ^'  odious  example  "  of  a  widely  prevalent 
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error  in  reference  to  the  character  of  a  class  of  soils,  that  I  have 
as  yet  been  nnable  to  eradicate,  even  &om  among  the  ^  old  and 
intelligent;"  who  are  nnfortunately  very  much  given  to  theorinng 
on  inadequate  premises.  Oar  prairie  soils  are  notoriously  limy; 
they  are  also  very  *^  sticky ; "  and  the  mud  takes  the  hair  off  the 
feet  of  cattle.  Ergo^  every  "sticky"  clay  soil  in  the  State  is 
called,  considered,  and  treated  as  a  "prairie"  soil,  especially  if  the 
hardened  clods  adhering  above  the.hoofeof  cattle  should  carry 
the  hair  with  them.  If  such  soil  is  unthrifty,  and  rusts  cotton,  it 
is  because  "  there  is  too  much  lime  in  it,"  which  "  scalds  "  the  seed- 
lings. In  matter  of  fact,  most  of  these  soils  are  notably  defident 
in  lime,  so  as  to  be  most  directly  and  immediately  benefited  by  iti 
application  wherever  it  has  been  tried,  in  accordance  with  my 
suggestion.  The  lime  here  acts,' probably,  as  much  chemically  as 
physically;  the  clay  being  rich  in  potash,  as  per  analysis.*  While 
the  physical  defects  of  these  soils  are  doubtless  the  main  cause 
of  the  crop  faililres,  yet  analysis  has  suggested  a  remedy  which 
relieves,  for  the  time  being,  from  the  necessity  of  the  more  costly 
improvements ;  lime  being  comparatively  easy  of  access. 

Analogous  cases  are  far  from  infrequent,  both  in  this  and  in  the 
adjoining  States ;  and  I  have  been  led  to  attach  special  importance 
to  the  determination  of  lime  in  soils,  from  the  (not  unexpected) 
rule  which  seems  to  hold  good  very  generally,  viz.,  that,  ccBieris 
paribusj  the  thriftiness  of  a  soil  is  sensibly  dependent  upon  the 
amount  of  lime  it  contains;  while,  at  the  same  time,  in  the  usual 
mode  of  culture  without  return  to  the  soil,  the  durcOian  of  fertility 
is  correspondingly  diminished,  and  its  cessation  is  very  abrupt 
wherever  much  lime  is  present. 

It  may  be  said  that,  after  all^  this  is  but  what,  from  data  already 
known,  might  have  been  expected.  Granted ;  then,  d  forUorij 
soil  analysis,  involving  the  determination  of  lime,  is  of  considerable 
use  in  determining  the  present  and  friture  value  of  soils. 

In  speaking  of  the  " amount''  of  lime,  I  must  be  understood  to 
refer,  not  so  much  to  its  absolute  percentage,  as  to  its  quantity  in 
comparison  with  that  of  potash,  which,  with  phosphoric  acid,  is 
what  all  our  fertilizers  chiefly  aim  to  supply.  Their  determination 
must,  of  course,  be  considered  of  prime  importance,  since  their 
absence  or  extreme  scarcity  is  fatal  to  profitable  fertility;  while, 

«  See,  for  example,  the  article  "  HeaTy  Flatwoods  Sdl/'  in  my  Mias.  Rep., 
1860,  pp.  276,  279. 
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when  they  are  present,  even  though  immedicUeh/  available  for 
absorption  to  a  slight  extent  only,  we  possess  in  lime,  ammonia, 
Ao^  and  the  fallow,  ready  and  powerful  means  for  correcting 
their  chemical  condition. 

Here  again  the  practical  value  of  soil  analysis  is  direct  and 
indisputable.  It  is  of  no  small  interest  to  know  whether  the  soU 
we  intend  to  cultivate  contains  75  per  cent  of  potash  and  25 
of  phosphoric  acid,  soluble  in  H  CI,  or  only  the  fifth  or  tenth  part 
of  these  amounts.  One  will  bear  improvement  of  all  kinds, — will 
pay  for  underdraining,  terracing,  &c ;  while  the  other,  quite  simi* 
lar  in  aspect  perhaps,  would  not,  according  to  Liebig's  testimony, 
ordinarily  be  capable  of  profitable  culture. 

Again  it  is  well  known  that  the  same  species  of  plants  may 
occupy  soils  of  widely  difierent  quality  and  value.  True,  an 
attentive  observer  will  in  such  cases  see  differences  in  the  mode 
of  development;*  yet  these  are  often  such  as  to  escape  ordinary 
remark,  and  grievous  disappointments  frequently  arise  from  this 
source,  with  new  settlers  especially.  It  is  of  no  small  importance 
to  be  able  to  ickrUifi/i  as  well  as  to  distinguish,  soils  resembling 
each  other ;  and  this,  soil  analysis  can  undoubtedly  do,  if  there  is 
any  virtue  in  the  law  of  probabilities  even,  —  admitting  all  that 
may  otherwise  be  said  against  their  reliability. 

Even  if  no  other  direct  benefits  than  those  already  mentioned 
could  be  attained  by  the  chemical  and  mechanical  analysis  of  soils 
(which  I  do  not  admit,  and  expect  to  prove  otherwise  hereafter) ; 
even  if  we  leave  out  of  consideration  the  addition  to  our  general 
knowledge  which  may  fiiirly  be  expected  to  result  from  extensive 
series  of  such  investigations,  carried  out  upon  a  uniform  plan, 
whereby  accidental  errors  (whether  caused  by  ^  birds  or  squirrels," 
or  analytical  and  other  mistakes)  will  be  eliminated ;  even  thus,  I 
contend  that  the  practical  and  theoretical  value  of  soil  analyses  is 
sufficiently  great  to  justify  whatever  labor  and  expenditure  may 
be  bestowed  upon  them  by  state  and  national  surveys;  and  that  the 
neglect  with  which  this  branch  of  research  has  of  late  been  cus- 
tomarily treated  is  the  more  to  be  regretted,  as  no  probable  amount 
of  private  effort  can  accomplish  what  must,  of  necessity,  be  done 
on  an  extended  scale,  and  with  the  prestige^  voluntary  assistanoei 
and  interest,  not  usually  accorded  to  any  but  public  enterprises. 
And  with  due  deference  to  the  author  of  the  two  volumes  whose 

«  Miss  Rep.,  1860,  p.  208. 
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extraordinary  merits  no  one  appreciates  more  than  myself  I  call 
upon  my  colleagues  in  State  sarveys,  especially  in  the  West  and 
South,  to  reconsider  this  subject  before  it  is  too  late,  and  a  le^s- 
lative  fiat  declares  their  work  to  be  ^  finished."  It  is  true  that  the 
agricultural  colleges  must  and  will  take  up  and  continue,  as  &r  as 
possible,  the  investigation  of  the  agricultural  peculiarities  of  each 
State ;  but  the  special  and  local  experience  acquired  by  those  con- 
ducting a  field  survey,  as  well  as  their  opportunities  for  extensive 
and  comparative  observation,  are  unfortunately  *^  not  transferable," 
even  to  the  finest  quarto  report.  In  order  to  attain  their  highest 
degree  of  usefulness,  our  agricultural  colleges  should  teach,  not 
merely  general  principles,  together  with  a  sufficiency  of  the  handi- 
craft of  agriculture ;  but  they  should  be  enabled  to  point  out  to 
each  student,  with  reference  to  his  particular  neighborhood,  How 
Crops  Grow,  and  How  Crops  Feed. 


m.    PHYSICS  OF  THE  GLOBE. 

1.  The  Delta  of  the  Mississippi;  —  the  Physics  of  the 
RrvBB,  the  Coktbol  of  its  Floods,  and  the  Redemp- 
tion OF  THE  Alluvion.  By  Caleb  G.  Fobshet,  of  New 
Orleans,  Louisiana. 

In  the  Delta  of  a  river,  we  may  properly  embrace  all  the  allu- 
vial lands  below  the  point  where  its  first  extravasated  waters  leave 
its  banks,  and  may  never  return  till  they  reach  the  ocean. 

On  the  right  bank  of  the  Mississippi  River,  three  miles  below 
Cape  Girardeau,  in  Missouri,  the  high  waters  escaped  over  the 
banks,  prior  to  levees,  passed  into  the  White  Water  Lakes  and 
swamps,  connecting  with  the  St.  Francis  and  the  Black  Rivers, 
and  thence  down  the  White  River  and  Arkansas  Valleys,  the 
Bayou  Ma9on,  Washita,  Red,  and  Atchafalaya  Rivers,  to  the  Gul£ 
These  waters  may  never  again,  and  often  did  (or  do)  never  again, 
enter  the  Mississippi. 
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It  is,  therefore,  proper  to  describe  as  the  Delta  all  the  alluvial 
lands  on  the  Mississippi,  and  its  affluents,  below  Cape  Girardeau.* 

This  Delta,t  according  to  my  recently  revised  calculations,  con- 
tains 38,706  square  miles,  including  the  alluvions  of  the  several 
affluents  below  the  point  where  their  waters  mingle.  The  confluent 
alluvions  of  the  Arkansas  and  Red  Rivers  add  respectively  600 
and  1887  square  miles  to  this  great  Delta  valley. 

Such  is  the  fertility,  such  the  climate,  and  such  the  productive- 
ness of  this  body  of  land,  that  its  rescue  from  submergence,  by 
annual  floods,  becomes  a  matter  of  the  highest  moment  to  Ameri- 
can wealth  and  civilization. 

The  subjects  involved  in  this  problem  of  reclamation  embrace 
the  Climatology  and  Physical  Geography,  the  Geology  and  Physics, 
of  the  Mississippi  Valley  and  River. 

These  must  be  reviewed  in  outline,  in  order  to  enter  intelli- 
gently upon  "The  Control  of  the  Floods  of  the  River  by  Levees." 

Cldcatologt  and  Physical  Geoosafhy. 

The  Delta  extends  across  eight  and  a  half  degrees  of  latitude, 
from  29^  to  38^  30'  north.  It  reaches  from  the  semi-tropical  land 
of  the  orange  and  lemon  to  the  border  of  the  ice-floes  that,  in 

*  In  the  year  1846,  Sir  Charies  Lyell,  the  distmg^hed  geologist,  examined 
the  Mississippi  Delta  and  Riyer.  He  had  limited  the  Delta  to  the  head  of  the 
Atchafalaya,  and  gare  it  an  area  of  18,600  square  miles.  He  visited  the 
writer,  then  residing  at  Yidalia,  and  busily  engaged  in  writing  a  critique  upon 
his  chapter  on  the  "  Mississippi  Valley,"  intended  for  his  use.  In  this  paper  the 
head  of  the  Delta  was  fixed  at  Cape  Girardeau.  Sir  Charles  insisted  upon  the 
completion  of  the  essay ;  and  he  read  it  in  my  name  before  the  British  Associar 
tion,  and  recognized  my  addition  to  his  Delta.  He  has,  howeyer,  in  his  recent 
edition,  refixed  the  head  of  the  Delta  at  the  Atchafalaya  (see  "  Principles," 
new  edition). 

t  The  swamps  and  lakes  and  sunken  lands  lying  south<west  from  Cape 
Girardeau  above  the  Crowly  and  Bloomfleld  Ridges,  sweeping  across  the  White 
Water  Creek,  the  Castor,  St.  Francis,  and  the  Black  Rivers,  are  embraced  in 
this  Delta.  In  fact,  all  but  about  five  miles  wide  for  the  Crowly  and  Bloom- 
field  Ridges,  which  run  down  to  Helena,  — all  else  to  the  Black  and  White 
Rivers,  below  their  junction,  down  to  the  Arkansas  River  basin,  and  taking  a 
small  portion  of  its  valley.  My  line  runs  across  to  the  sources  of  the  Bartho- 
lomew, and  down  its  valley,  and  that  of  the  Ouachita,  to  Harrisonburg ;  thence 
around  Catahoula  Lake  to  Red  River,  up  that  to  Bayou  Rapides;  thence 
down  the  Rapides— Boeuf,  Cocoarie,  T6che,  and  Vermillion  —  to  the  Gulf. 
Small  areas  of  upland  appear  at  various  places,  but  nearly  all  is  below  the  line 
of  levels  of  the  Mississippi  at  points  opposite  and  east  of  this  line. 
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rigorous  winters,  block  the  channel  and  arrest  navigation  of  the 
river. 

Its  breadth  in  longitude  has  an  average  of  one-tenth  its  length, 
being  about  sixty  miles,  though  it  contracts  and  expands  from 
thirty  miles  in  its  narrowest  width  —  as  at  Natchez  and  at  Helena 
— to  about  ninety  miles,  as  at  Napoleon  and  at  Manchao  to  Last 
Island. 

The  Delta  is  everywhere  thridded  and  thwarted  with  inter- 
locking bayous  and  navigable  channels ;  placing  every  cultivable 
acre  of  its  lands  immediately  upon,  or  very  near  to,  steamboat 
navigation.  In  this  particular  it  has  no  parallel  known  to  civil- 
ized man.  It  is  estimated  that  about  one-tenth  of  the  whole 
area  is  taken  up  in  channels  and  water  spaces ;  and  yet  such  is 
their  value  and  importance  as  to  subtract  nothing  from,  but 
rather  to  add  largely  to,  the  total  value  of  its  measured  miles 
of  land. 

The  fertility  of  the  soils,  both  by  analysis  and  experiment,  is 
of  the  highest  quality ;  in  fact,  it  is  almost  inexhaustible.  Accord- 
ingly, it  produces,  in  its  southern  two  degrees,  the  great  staples  of 
rice  and  sugar  in  abundance  and  perfection  unknown  in  any  other 
portion  of  North  America.  In  tacty  sugar  is  cultivated  only  in 
the  Delta,  and  south  of  latitude  31^  30'.  In  nearly  all  portions  of 
the  Delta,  but  more  thoroughly  in  the  five  degrees  north  from  31^ 
(north  of  Red  River),  cotton  grows  in  the  Delta  lands  in  double 
the  quantities  of  the  best  uplands ;  and  com,  and  sweet  and  Irish 
potatoes,  in  every  portion  of  the  Delta,  grow  with  facility  and 
abundance,  and  with  a  minimum  of  cultivation.  In  the  northern 
border  the  cereals  grow  and  mature  to  the  satisfaction  of  the 
agriculturist.  The  fruits  of  the  tropical  and  temperate  zones  — 
oranges,  figs,  grapes,  apples,  and  peaches  —  are  duly  distributed  and 
easily  grown,  each  in  its  proper  habitat,  over  the  Delta ;  while 
pecans,  the  most  valuable  of  all  nuts,  grow  in  wild  profusion  over 
the  entire  alluvial  basin. 

The  remarks  as  to  productiveness  are  applicable  to  every  acre 
not  submerged,  and  not  merely  to  chosen  spots,  as  upon  the  up- 
lands adjacent  on  either  side.  ' 

We  may  compute  then  that  22,920,320  acres  of  actually  produc- 
tive  land  are  upon  this  alluvial  basin.*  In  this  respect  it  is  probably 
the  largest  body  of  like  fertility  known  to  geography. 

*  This  18  exdufiye  of  8,616  square  miles  of  irreclaimable  marsh,  as  will  appear 
beyond. 
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The  forests  of  the  Delta  are  remarkable  for  the  largeness  of  the 
trees,  and  the  exuberance  of  foliage  and  vines. 

The  oaks  and  the  cypress  are  the  leading  timber  trees,  though 
many*  others  are  used.  The  live  oaks  in  the  southern  portion  are 
large  and  very  abundant,  indicating  mainly  a  soil  not  often  inun- 
dated. But  the  cypress  trees  of  vast  height  and  magnitude,  and 
of  unlimited  demand,  grow  best  in  the  lowest  swamps,  and  do 
greatly  redeem  and  render  equally  valuable  (as  cultivable  land) 
the  most  impracticable  portions  of  the  whole  valley.  Fifty  thou- 
sand feet  of  lumber,  clear  stufl^  from  an  acre  of  cypress  swamp,  is 
no  unusual  product. 

So  inviting  is  the  temperature  of  this  Delta,  during  the  largest 
portion  of  the  year,  from  the  northern  limit  of  the  cotton  region, 
south ;  and  so  promptly,  uniformly,  and  abundantly  do  the  soils 
respond  to  the  labors  of  the  husbandman,  that  its  hundreds  of 
winding  streams  were  lined  with  settlers  before  l^e  war,  even 
anterior  to  any  certain  protection,  by  levees,  from  frequent  inun- 
dation. It  was  common  to  say  that  a  loss  of  two  crops  in  ten,  by 
overflow,  could  be  better  borne  than  the  half  crops  produced  upon 
the  uplands. 

Freedom  frt)m  the  extremes  of  heat  and  cold  form  a  great 
feature  of  this  Delta;  and  distinguish  it  greatly  above  the  allu- 
vions of  the  Nile,  the  Ganges,  the  Amazon,  and  the  Orinoco. 

The  alinual  mean  temperature  at  New  Orleans,  B&ton  Rouge, 
Natchez,  Vicksburg,  Helena,  Memphis,  and  Cairo,  show  a  regular 
gradation  from  69^  to  45"*. 

The  rainfall  over  the  Delta,  while  it  is  abundant  and  well-dis- 
tributed, has  no  extreme  exceptions;  but  crops  are  invariably 
produced. 


Spring*. 

Sanuner. 

Aatnmn. 

Winter. 

Annual  Mean. 

InehM. 

Inches. 

Inehei. 

InehM. 

Inches. 

Memphis.    .    .    . 

11.0 

7.6 

7.9 

15.0 

41.8 

Vicksburg    .    .    . 

11.0 

12.0 

10.5 

16.7 

60.9 

Natchez   .... 

12.0 

11.8 

9.8 

15.9 

60.3 

Baton  Rouge    .    . 

18.5 

18.4 

12.2 

16.0 

60.4 

Plaquemines     .    . 

15.9 

26.8 

9.4 

16.7 

66.8 

New  Orleans    .    . 

11.1 

16.6 

11.8 

12.0 

51.6  ?• 

Mean.    .    . 

12.4 

15.4 

10.8 

16.0 

68.5 

«  *  Some  mistake  appears  in  the  figures  for  New  OrleanA.     The  rainfall  is 
sixty-nine  inches,  I  am  convinced,  by  the  scale,  and  by  recoll^ction. 
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In  the  lower  portion  of  the  Delta,  bordering  the  Gnl^  the  manh 
lands  occupy  7282  square  miles  of  area. 

Of  this  portion  of  the  Delta,  about  one  half  is  reclaimable ;  the 
other  half  is  irreclaimable,  and  ))f  ould  serve  merely  as  resenroin 
and  water  spaces,  distributed  through  the  reclaimed  lands ;  thus 
reducing  the  reclaimable  Delta  to  85,813  miles. 

Of  the  portion  deemed  reclaimable  north  of  parallel  30^,  about 
one-fifth  is  now  occupied  by  man,  mostly  subject  to  occasional 
inundation  from  the  river;  the  remaining  four-fifths,  or  nearly 
80,000  square  miles,  are  utterly  uninhabitable  without  the  protec- 
tion of  levees  against  river  and  sea. 

The  water  spaces,  which  occupy  about  one-tenth  of  the  Delta, 
are  so  valuable  to  the  habitable  area,  that  no  deduction  should  be 
made  from  the  acres  embraced  in  computing  the  value  of  the 
lands. 

And  in  the  computation  of  value  over  such  a  realm  of  fertility, 
by  what  measure  shall  we  estimate  it?  Certainly  dollars,  or  gold, 
in  any  form,  will  be  inadequate  to  its  measure.  As  well  fix  a  value 
on  freedom  or  civilization.  To  a  nation  or  government  like  the 
United  States,  an  area  of  this  magnitude,  lying  for  600  miles  across 
and  along  the  borders  of  seven  States,  has  no  possible  valuation 
estimable  in  money. 

But  when  we  consider  that  it  will  sustain  a  population  of  five 
millions  of  human  beings,  with  nearly  all  the  luxuries  and  all  the 
comforts  of  life  produced  within  the  Delta  itself;  and  that  it  wiU 
sustain  double  that  number,  or  ten  millions,  with  comforts  and 
necessary  wants,  more  profuse  than  in  the  denser  populations  of 
Europe,  we  approach  an  appreciation  of  the  value  of  the  Missis- 
sippi Delta,  to  the  future  demands  of  civilization. 

Still  as  productions  are  measured,  in  the  census  tables,  by 
dollars,  and  some  approach  to  the  capacity  for  production  may 
be  computed,  we  give  the  figures  in  a  subsequent  page,  as  some 
measure  or  index  to  the  value  of  the  Delta  in  the  nation's  wealth. 

The  Sasin. 

But  the  entire  Delta  lies  beneath  the  level  of  the  Mississippi's 
flood  waters,  as  inferable  from  fact,  so  apparent  in  its  geology, 
and  from  actual  measurements  across  the  basin  or  valley. 

The  great  high  waters  are  so  numerous,  and  the  ordinary  high 
water  so  completely  above  the  body  of  the  cultivable  lands  in  the 
Delta,  that  it  were  futUe  to  attempt  a  general  cultivation  or 
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habitation  of  the  aUuvion  without  some  efTectual  barrier  against 
the  floods. 

The  sections  levelled  across  the  Delta  (see  "Delta  Survey"), 
and  now  carefally  digested,  reveal  the  result,  that  the  average 
depth  of  the  alluvial  level,  below  the  highest  water-marks  known, 
amounts  to  twelve  and  a  half  feet ;  and  in  obtaining  this  result 
the  whole  marsh  region  south  of  latitude  30^  is  excluded.  The 
maximum  depth  is  twenty-seven  feet. 

Hence,  if  unrestrained  by  levees,  the  floods  of  the  Mississippi 
River  would  fill  the  alluvial  basin,  to  the  high-water  marks  of 
the  river  banks  at  corresponding  latitudes,  the  alluvial  sea  would 
be  six  hundred  miles  long,  and  sixty  miles  in  average  width,  and 
would  have  a  mean  depth  of  twelve  feet  six  inches.  It  is  there- 
fore obvious  that  there  would  be  no  safety  for  life  or  property 
under  such  a  contingency.  * 

And  although  the  flood  might  never  acquire  this  maximum 
elevation,  the  records  show  that  in  the  years  1809,  1811,  1813, 
1815, 1823, 1828,  1836,  1844,  1847,  1849,  1850,  1851,  1858, 1859, 
1862,  1865,  1868,  and  1871,*  the  floods  approached  very  near, 
within  a  few  inches  (less  than  half  a  foot  at  New  Orleans,  and 
less  than  two  feet  in  the  river  the  whole  length  of  the  Delta, 
where  not  recently  disturbed  by  cut-of&),  of  the  greatest  high- 
water  mark.  And  that  mark  is  necessarily  above  the  level  of  all 
the  alluvial  lands,  lying  opposite  and  south  of  each  point  of  ob- 
servation, on  the  river  bank. 

This  isolated  view  will  give  some  appreciation  of  the  magnitude 
of  the  work  for  restraining  these  floods ;  for  in  all  the  seasons 
named  prior  to,  and  inclading,  1844,  the  main  body  of  the  Delta 
Valley  was  a  fresh  water  turbid  sea. 

The  following  is  a  copy  of  original  Scale,  with  Extension  of 
Scale,  and  insertion  of  Water  Marks  and  Dates  since  its  produc- 
tion, to  wit,  from  1850  to  1872  mdusive.    (August  11, 1872.) 


*  The  high-water  marks  of  the  yarioiu  years,  as  published  by  the  writer,  with 
diagram  scale,  in  the  "  Cpncordia  Intelligencer,"  in  1841,  hare  been  rarionsly 
repeated  since ;  and  were  published  in  the  "  Delta  Surrey  "  of  Humphreys  and 
Abbot,  in  ISeOy-with  additions  furnished  by  me  up  to  1860,  and  by  the  "  Surrey  " 
to  1860  indnslTe.  It  is  herewith  reproduced,  with  additi<ms  up  to  the  present 
year,  1872. 
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2  .— — I : — 1860,  May  ftth. 


1815,  June  2ad.    Hl^heit  mark  erer  known. 


--{ 


=  1833,  May  23d. 
1813,  June  8tli. 


1824,  May  6ih. 
^  18M,  July  IGth. 
—  1847,  April  26tli. 


1828,  March  28tli. 
1849,  March  Uth. 


1836,  May  3l8t^^,^l^ 


— ,  — ^ ^g^  Maren  iwn.    1883,  Jme  7tk. 

1811,  June  4th.    Highest  for  forty  year*. 
1840,  June  10th.       1845,  April  8th. 


vm^i^n 


,  1809,  May  4 
{ 1819,  May  2rth. 

1848,  June  28th. 

1821,  March  30th. 

1804,  April  14th. 

1830,  May  19th. 


1825,  May  9d. 
^802.  April  20th. 


1814,  June  17th. 


1826,  March  12th. 

1822.  June  Irt.,^  „^        1^42^  j^^^  gU^ 

1817,  May  Irt.       1832,  May  17th. 
1816,  May  2d. 
1841,  May  30th. 


__  1837,  April  80th. 
_  1818,  April  20th. 
—  1812,  June  15th. 

.  1820,  April  5th. 

1838,  April  16th. 
1835,  June  3d. 

1852,  June  15th. 
1827,  April  26th. 


—  1860,  February  26th. 
_  1833,  March  12th. 


1834,  April  6th. 


I860,  I^bmary  6th. 
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JMe  1. —Several  yean  the  highest  mark  did  not  reach  this  Scale,  It  was  not  within  two 
feet  of  the  highest  mark. 

Thu— 1829,  May  7th,  the  water  was  2  ft.  li  In.  down. 
1839,  April  8th,       „       „        3  ft.  4  In.     „ 
1846,  June  let,        „       „        Sft.Olin.     „ 

Kote  2.— As  Red  Blyer  empties  helow  Vidalia,  these  rednctions  wonld  he  sntject  to  its 
modifications,  as  to  date  and  altitude.  Stm  this  is  the  nearest  approximation  in 
my  reach.  C.  G.  F. 

Carrolton,  La.,  Jafwary  1,  1850. 

Kote  3.  — 1855,  April  7th.  Highest  water-mark  did  not  reach  within  6.9  ft;,  of  the  highest 
mark  of  this  Scale. 

The  question  boldly  put  by  the  settlers  npon  the  Mississippi's 
banks  was  this :  ^  Shall  man,  or  the  waters,  possess  this  realm  of 
fertility?" 

Their  own  answers  were  modestly  made,  in  the  presence  of  so 
sublime  an  enemy,  by  the  rescue  of  small  portions  of  land  along 
the  banks  of  the  river  proper.  Small  levees  were  thrown  up  in 
front  of  New  Orleans,  and  the  neighboring  portions  of  the  river 
banks. 

XfCvee  SRatory, 

The  engineer  who  laid  out  the  city  (of  one  mile  front  from 
Canal  Street  to  Esplanade)  in  the  year  1717,  De  la  Tour,  directed 
a  dike  %o  be  built  in  front,  to  .protect  the  city  or  settlement  from 
overflow.  In  1728,  the  planters  were  constructing  levees,  each 
on  his  own  front,  for  some  thirty  miles  above. 

Subsequently,  the  struggle  was  gradually  maintained,  the  feeble 
attacking  party  growing  stronger  and  stronger,  without  any  hope 
or  plan  of  general  conquest,  for  one  hundred  years,  till  1828. 

The  extent  of  levees  then  built  reached  nearly  to  Ked  River, 
and  to  Pointe  ^  la  Hache,  in  all  about  four  hundred  miles  of  levee. 
Still  the  struggle  was  individual,  through  the  three  changes  of 
government.  Lands  were  granted  upon^  condition  of  levee  con- 
struction in  front,  and  thus  the  planter  was  left  without  systematic 
aid  from  government. 

After  the  disastrous  flood  of  1828,  the  enterprise  of  the  young 
State  of  Louisiana  was  aroused  to  the  necessity  of  some  joint 
effort,  authorized  and  enforced  by  law,  for  the  rescue  of  the  front 
lands  from  inundation. 

By  the  years  1836  and  1838,  the  first  great  outlets  were  closed: 
Bullet's  Bayou,  opening  into  Lake  Concordia,  and  Bayou  L' Argent, 
opening  into  Lake  St.  John  (both  in  Concordia)  a  few  miles  above 
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Natchez.  These  were  dosed  by  parish  enactment  and  tax,  and 
not  by  riparian  proprietors.  And  ^ese  two  works  mark  the  era 
of  public  levee  history,  undertaken  with  a  view  to  a  system  for 
the  reclamation  of  the  entire  alluyium. 

Strong  opposition  was  made  to  this  attempt,  and  the  two 
parties  arrayed  themselves  for  and  against  the  closure  of  these 
outlets.* 

The  strong  advocacy  of  ifUerest^  perhaps,  rather  than  the  bias 
of  true  science  (for  both  were  champions  of  the  same  cause),  pre- 
vuled  in  favor  of  the  continuous  levees  and  closure  of  outlets. 
And  one  after  another  Bruin's  Bayou,  opening  into  Bruin's  Lake ; 
Alligator  Bayou  and  River  Styx,  leading  to  Lake  St.  Joseph; 
Bayou  Vidal,  leading  to  Tensas ;  and  Providence,  leading  to  L^e 
Providence,  were  closed.  So  that  by  the  great  flood  year,  1844, 
every  Old  River  Lake,  for  six  hundred  miles  up  the  right  bank  ot 
the  Mississippi,  was  effectually  closed ;  and  numerous  as  were  the 
breaches  in  the  levees,  so  newly  and  inadequately  constructed, 
'  not  one  of  the  great  levees  closing  these  grand  outlets  gave  way. 

Such  was  the  influence  of  the  levees,  north  of  Red  ]Uver,  on 
the  general  surface  of  the  Tensas  Basin,  that  the  water-marks 
inside  the  Leveed  Basin  lacked  an  average  of  four  feet  of  the 
level  attained  in  1828.  At  Trinity,  General  LiddePs,  the  differ- 
ence was  5.6  inches.  At  Clark's  Bayou,  on  Lake  St.  Joseph,  the 
difference  was  four  feet. 

These  results  fortified  and  stimulated  the  advocates  of  levees, 
and  confirmed  the  policy  of  closing  outlets ;  and  although  nearly 
all  the  settlers  on  the  interior  streams  were  drowned  out,  their 
stock  and  much  of  their  fencing  swept  away,  they  entered  upon 
new  and  more  elaborate  efforts  for  perfecting  and  extending  the 
levees  on  the  front. 

This  struggle  was  continued  under  a  desultory  system  of  levees, 
built  by  parish  authority,  until  the  year  1858,  when  the  swamp 
lands  were  made  available  for  levee  construction,  and  the  strong 
arm  of  national  aid  was  indirectly  felt. 

*  Ai  a  young  engineer,  the  writer  stood  upon  the  high  bluffi  at  Nstchei,  in 
1888,  and  looked  down  upon  the  Concordia  plantations,  and  the  Tast  Mississippi 
alluvion,  and  deemed  it  worthy  the  ambition  of  a  hero  in  his  profession  to  under- 
take its  rescue.  For  two  years  he  investigated  the  question  of  possibility. 
Then,  in  1840,  he  espoused  the  levee  cause,  and  wrote  the  first  essay  he  ever 
read  in  fiiTor  of  the  complete  closure  of  all  outlets,  and  the  leveeing  and  reclaim- 
ing the  entire  Delta ;  and  to  this  day  he  has  never  faltered. 
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In  the  year  1849,  the  State  Le^sUture  of  Lonisiana  had  memo- 
rialized the  Congress  of  the  United  States,  pra3ring  for  aid  in  the 
matter  of  protection  against  floods ;  and  basing  their  argument 
for  aid  mainly  upon  the  interest  the  General  Government  had  in 
the  unsold  lands  in  the  Delta. 

The  response  made  by  the  Congress  was  twofold.  The  Delta 
Sarvey  was  ordered  to  be  made  by  the  United  States  En^neers, 
and  the  swamp  lands  unsold  were  donated  to  the  several  States ; 
BO  that  by  the  year  1853,  the  several  States  interested  had  enacted 
laws  relating  to  levees,  contemplating  the  rescue  of  the  entire 
Delta. 

The  survey  ordered  was  undertaken,  and  for  three  years  con- 
tinned,  and  partial  reports  were  made  upon  its  progress ;  but  the 
impression  had  been  confirmed  in  the  minds  of  the  people,  that 
the  great  Delta  was  made  for  the  uses  of  man,  and  that  a  cour- 
ageous people  could  rescue  it. 

So  the  progress  of  levee  construction  was  right  onward  in  spite 
of  the  diversity  of  jurisdiction,  the  want  of  uniform  system,  and 
the  repeated  crevasses  caused  by  feeble  levees,  by  accident,  and 
by  criminal  violence. 

In  the  year  1858,  according  to  Humphreys  and  Abbot,  the  line 
of  levees  was  complete  on  the  left  bank  from  Pointe  ^  la  Hache 
to  B&ton  Rouge;  thence  to  Vicksburg  they  were  not  required, 
because  the  river  impinges  or  approaches  near  the  blufb  for  this 
distance  of  two  hundred  miles.  From  Vicksburg  to  Horn  Lake,  the 
northern  limit  of  the  Mississippi,  the  line  was  completed,  including 
a  stupendous  levee  across  the  Tazoo  Pass,  the  greatest  outlet  yet 
closed.  Thence,  to  the  head  of  the  Delta,  no  levees  were  required, 
except  very  short  ones  for  local  convenience. 

On  the  right  bank,  ascending,  the  line  was  complete  through 
Louisiana,  and  up  the  Arkansas  front  to  a  few  miles  below  the 
mouth  of  the  Arkansas.  Thence  the  banks  of  the  Arkansas  and 
Missouri  fronts  were  well-nigh  lined  with  levees,  wherever  they 
were  required,  to  the  head  of  the  Delta  at  Cape  Girardeau,  the 
openings  above  the  mouth  of  the  St.  Francis  amounting  to  about 
twenty-five  miles,  and  those  below  to  about  fifteen  miles,  —  forty 
miles  in  alL 

These  openings  were  well-nigh  closed,  and  the  entire  system 
greatly  strengthened  and  improved  by  the  beginning  of  the  year 
1861,  when  the  war  interfered  and  arrested  all  work  upon  the 
levees. 


Digitized  by 


Google     


88  A.    MATHEMATICS,   PHYSICS,  AKD  CHSMI8TBT. 


Physics  of  the  Mississippi  Riybb. 

The  writer  takes  the  liberty  at  this  point  to  refer  to  hb  own 
labors,  in  the  early  years  of  investigation  of  the  phenomena  of 
this  unexplored  river. 

In  the  year  1849,  after  eleven  years  of  investigation,  chiefly 
amateur,  and  while  engaged  mainly  upon  other  professional  labor, 
in  reply  to  a  call  made  by  the  Senate  Committee  on  Levees 
of  Louisiana,  I  prepared  a  ''Memoir  upon  the  Physics  of  the 
Mississippi,"  in  which  I  collected  and  condensed,  into  a  few  diar- 
grams  and  tables,  the  results  of  these  labors ;  and  wrote  half  a 
dozen  brief  pages  of  premises,  principles,  and  conclusions ;  all  of 
which  were  published  as  a  public  document ;  and  the  essay  was 
put  to  sleep,  with  the  oblivion  predestined  for  State  documents. 

Having  performed  a  large  share  of  the  labors  of  the  Delta  Sur- 
vey—  to  secure  which  Survey  my  "Memoir"  was  contributed, 
with  others  of  analogous  kind  —  and  having  found  my  work  very 
warmly  acknowledged  atnd  commended  in  a  most  elaborate  work 
(which  will  give  immortality  to  its  authors),  I  find  suficient 
merit  in  my  original  ^  Memoir  "  to  reproduce  a  portion  of  its  text; 
believing,  as  I  do,  that  its  main  doctrines  were  affirmed  by  our 
subsequent  most  elaborate  treatment  of  the  same  questions. 

I  think,  further,  that  in  its  density  it  has  the  merit  of  a  ready 
synopsis  of  the  whole  Physics  of  the  Mississippi  River. 

In  treating  questions  now  relating  to  the  practicability  of  the 
complete  control  of  the  flood  waters,  I  believe  its  introduction 
here  better  than  any  thing  new  I  could  write  or  substitute. 

I  oflTer  this  explanation  —  no  apology  —  for  the  resurrection  of 
the  Physics  in  this  connection. 

After  collating  and  tabulating  the  observations  and  measure- 
ments of  eleven  years,  I  make  the  following  induction: — 

Application  or  Statistics  and  Principlbs. 

Reasoning  i^  priori,  the  following  inductions  and  conclu^ons  seem  an- 
avoidable :  — 

(a)  The  channel  of  the  river  is  made  by  the  abrasive  force  of  its  waters. 
A  greater  force  would  produce  a  greater  channel,  and  a  less  force  a  less 
channel. 

(6)  The  greater  the  channel  for  a  given  Ijuandty  of  water  and  indination, 
the  less  the  liability  to  overflow. 
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(c)  Concentration  of  force  increases  abrasive  power,  and  di£fu8ion  of 
force  redaces  it. 

(d)  Levees  confine  and  concentrate  the  waters,  concentrate  and  increase 
the  force,  therefore  increase  the  abrasion,  therefore  enlarge  the  capacity 
of  the  channel. 

(e)  Outlets  diffuse  the  waters,  reduce  the  abrasive  force,  and  therefore 
reduce  the  capacity  of  the  channeL 

(/)  If  the  channel  be  already  greater  than  necessary  for  its  servitudes, 
it  would  be  safe  to  relieve  it  of  some  of  its  growing  force  by  outlets. 

(p)  If  the  channel  be  too  small  for  its  servitudes,  it  would  be  wise  to 
increase  the  channel-making  power,  by  closing  outlets. 

18.  The  Mississippi  River  discharges  a  given  quantity  annually,  and  this 
is  divided  into  daily  supplies,  with  a  maximum  here  in  April  and  May.  It 
can  produce  no  more. 

(a)  If  this  supply  be  discharged  with  a  greater  velocity,  it  must  maintain 
a  lower  level,  even  if  the  channel  remain  unchanged ;  for  there  can  be  no 
more  than  this  quantity  to  be  discharged,  and  hence  the  volume  discharged 
within  a  month  or  year  must  remain  the  same. 

(6)  A  greater  force,  with  the  same  volume,  implies  a  greater  velocity. 

(c)  Therefore,  the  levees  which  confine  the  waters  and  concentrate  the 
force  increase  the  velocity  and  depress  the  level  of  discharge. 

19.  (a)  From  the  year  1817  to  1827  there  were  no  considerable  levees 
above  the  mouth  of  Red  River.  From  1827  to  18B7  the  levees  were  being 
extended  the  whole  length  of  Concordia  coast,*say  two  hundred  and  fiffy 
miles ;  and  from  1837  to  18^7  we  may  regard  the  system  of  levees  as  in 
full  operation  for  a  long  distance  above  and  below  the  point  of  observation 
at  Yidalia. 

(&)  During  the  first  ten  years  (1817  to  1827)  the  mean  height  of  the 
river^s  surface,  for  the  year,  was  six  inches  above  the  mean  height  of  the 
following  ten  years  (1827  to  1837),  while  levees  were  being  constructed; 
and  nine  inches  higher  than  the  mean  height  of  ten  years  (1837  to  1847) 
under  the  levee  system.  This  relates  to  the  mean  annual  height,  and  is 
reduced  to  the  range  of  Carrolton. 

(e)  But  the  mean  high  water-mark  of  these  decennial  periods  is  in  like 
manner  reduced,  being  4.4  inches  lower*  in  the  second  than  in  the  first 
period,  and  six  inches  lower  in  the  third. 

((2)  But  we  have  from  the  dates  of  highest  water  a  very  unexpected 
result ;  namely,  the  date  of  highest  water  is  later  in  the  second  and  third 
periods  than  in  the  first 

The  mean  dates  of  culmination  are  for  Yidalia,  April  26,  April  30,  and 
May  15,  for  the  three  periods,  in  their  order ;  and  the  mean  of  the  thirty 
years  is  on  May  7. 

(e)  The  common  impression,  that  leyees  produce  earlier  high  waters, 
would  appear  to  be  unfounded ;  and  this  is  the  conclusion  which  it  seems  to 
me  would  be  arrived  at,  from  section  18,  a,  6,  c,  because  the  supply  cannot 
A.  ▲«  A.  8.  YOL.  XXL  12 
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be  increased  or  hurried  before  the  rains  and  thaws  of  the  spring ;  and  onr 
levees  can  have  little  effect  in  hastening  the  dates  of  highest  water  at  anjr 
point  within  the  influence  of  levees.  The  mean  dates  of  culmination,  as 
given  here,  only  prove  to  me  that  the  periods  observed  are  too  short  to 
obtain  a  fair  mean,  when  the  range  is  from  March  12  to  July  16. 

Cut-offs,  —  By  application  of  the  principles  and  reasonings  to  &cts  we 
shall  find :  — 

(a)  That  a  cut-off  shortens  the  channel,  increases  the  declivity,  acceler- 
ates the  velocity,  strengthens  the  channel-making  power,  abrades  the  banks 
and  bottom  with  more  vigor,  and  ultimately  produces  a  lower  mean  level 
than  before  the  cut-off. 

(b)  Accordingly,  the  effect  of  Shreve^s  cut-off,  at  the  mouth  of  Red 
River,  presented  in  1844  these  phenomena  :  —  At  the  cut-off  the  water  was 
three  feet  or  more  lower  than  the  water-mark  of  1828 ;  twenty  miles  above 
it  was  thirty  inches  lower ;  forty  miles  up  it  was  fourteen  inches  lower  ;  at 
Yidalia,  sixty  miles  above,  it  was  seven  and  a  half  inches  lower ;  and  at 
Waterproof,  ninety  miles  above,  it  was  three  inches  lower;  and  at  points 
above  Waterproof  it  was  regarded  as  equal  to  1828. 

(c)  At  Morganza  it  was  eighteen  inches  lower,  and  at  New  Orleans  and 
Carrolton  full  eight  inches  lower,  than  in  1828. 

These  facts  were  determined  by  myself  at  the  time,  and  since ;  and  care- 
fully noted. 

(d)  We  may  conclude,  hence,  that  the  effect  was  perceptible  about  one 
hundred  miles  above,  and  at  least  two  hundred  miles  below  a  cut-off,  abridg- 
ing the  distance  of  current  eighteen  miles,  and  3.54  feet  to  the  fall  of  water, 
thence  to  the  Gulf;  and  that  it  showed  a  reduction  of  high-water  level  both 
above  and  below  the  cut-off. 

21.  The  Raccourci  cut-off  has  been  too  recently  made  (1849)  for  a  full 
illustration  of  the  effects.  Some  have  already  been  severely  felt.  It  short- 
ened the  distance  eighteen  miles,  with  a  fall  at  high  water  of  4.5  feet.  The 
effects  in  draining  the  district  above  it  have  been  realized  as  anticipated. 
Its  effect  at  Yidalia  was  about  4.5  inches,  and  expired  at  a  distance  of 
about  one  hundred  miles.  Below,  it  has  not  had  time  to  produce  the  new 
channel  due  to  its  acceleration,  and  has  raised  the  water  probably  in  a 
slight  degree ;  but  not  to  the  mark  of  1828  at  Bayou  Sarah  by  2.5  inches. 
From  the  best  information  I  can  obtain,  the  difference  is  about  two  inches  in 
the  bend  above  Carrolton.  By  changing  points  of  greatest  force,  and  by 
increase  of  that  force,  it  has  committed  great  ravages  upon  the  banks  both 
above  and  below  the  cut-off.  It  will  require  but  two  or  three  years  more, 
judging  from  past  experience,  to  adapt  the  new  channel  to  the  new  channel- 
maker,  when  the  whole  will  be  discharged  at  a  lower  level  than  before  the 
cut-off. 

22.  The  matter,  as  a  question  of  hydrostatics,  is  settled,  that  a  cut-off 
will  reduce  the  level  of  discharge  on  both  sides,  and  the  question  of  policy  be 
reduced  to  one  of  cost  from  abrasion  of  banks.    This  should  be  well  weighed 
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before  makiDg  a  cat-off,  from  the  suddenness  with  which  a  new  force  is 
applied.  Levees  are  extended  so  gradually  that  the  consequences  are  slow 
in  being  felt,  and  may  be  guarded  against. 

28.  Regimen  of  Rivers,  — It  has  recently  been  advanced  by  Dr.  Riddell, 
"that  the  river  has  some  normal  regimen,  and  that  the  effects  of  a  cut-off 
were  to  continue  the  caving  in  the  bends  of  the  river,  antU  the  channel 
shall  obtain  its  former  length,  and  regain  its  normal  regimen.'^ 

(a)  I  am  not  aware  of  any  law  or  laws  of  currents,  whether  sediment- 
bearing  or  clear,  which  will  warrant  such  doctrine.  Inert  matter  can  cer' 
taifdy  have  no  choice  of  greater  or  less  velocity, 

(b)  The  greater  the  momentum,  of  course  the  greater  the  power  to  re- 
move obstacles ;  and  all  bends  are  obstacles. 

(c)  The  weaker  a  fluent,  the  easier  it  is  diverted  from  its  course ;  and 
hence  the  tortuousness  of  streams  with  little  falL 

{d)  The  aggregate  tendency  of  a  river  with  alluvial  banks,  of  uniform 
power  to  resist  abrasion,  is  to  straighten  its  channel. 

(e)  No  banks  are  uniform  in  this  respect,  and  hence  no  stream  attains  or 
maintains  a  straight  channel ;  but  the  power  to  approximate  straightness  is 
increased  with  the  greater  declivity,  and  increased  force  gained  by  a  cut-off. 

State  of  Levees  and  their  Servitudes. 

24.  (a)  The  levees  of  Louisiana  may  be  regarded  as  in  full  operation 
for  fifty  years,  for  a  distance  of  one  hundred  miles  from  Bayou  Lafourche 
down  below  the  city.  These  levees  have  an  average  height  no  greater  than 
those  now  being  erected  in  the  upper  portion  of  the  State ;  and  the  highest 
water-marks  known,  whether  within  the  levee  districts  or  not,  are  no  higher 
than  many  points  of  the  land ;  and  some  of  the  best  river  plantations  present 
long  reaches  without  levees. 

(b)  The  river,  therefore,  has  not  raised  its  bed,  nor  reached  a  point  of 
elevation,  in  recent  years,  greater  than  its  level  when  it  deposited  its  hi^h 
grounds. 

(c)  To  maintain  levees  in  future,  therefore,  we  shall  have  to  raise  them  no 
higher  than  in  the  past. 

25.  (a)  The  location  of  levees  below  B&ton  Rouge  was  chiefly  made 
before  those  farther  above,  and  consequently  were  placed  too  near  the  bank 
to  admit  of  the  new  abrasions,  arising  from  cut-offs,  from  extended  levees, 
and  from  the  never-ceasing  steam-boat  waves. 

(6)  For  this  reason  they  are  now  being  destroyed  by  caving  banks  and 
by  lashing  waves. 

(c)  A  period  has  arrived  when  these  new  elements  have  cut  away  the 
small  battures ;  and  the  high  waters,  which  the  geology  of  this  alluvion  shows 
to  have  been  frequent,  geologically  speaking,  in  past  ages,  are  recurring,  and 
our  levees  are  wholly  unequal  to  the  task  of  restraining  the  waters.  There 
are  those  who  are  not  croakers  that  have  foreseen  these  disasters ;  but  their 
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warnings  haye  not  been  heeded.     Oood  leoee»  hoot  not  hem  trtdUd.    The 
law  in  this  respect  has  never  been  enforced. 

26.  (a)  The  management  of  leyees  has  been  in  the  hands  of  those  least 
capable  of  enforcing  the  law.  The  districts  have  been  determined  by  parish 
boundaries,  and  not,  as  they  should  be,  hy  the  topography  of  the  grounda. 

(b)  The  vigilant  have  often  been  inundated  from  the  negligence  of  their 
neighbors. 

(c)  These  considerations,  and  not  anydefed  in  the  principle,  have  caused 
a  distrust  in  the  levee  system. 

What  i$  the  Bemedyfor  Overflows, 

27.  (a)  I  would  suggest  to  lay  off  the  State  into  levee  districts,  indicated 
by  the  topography  of  the  grounds,  and  of  each  district  to  make  sub-districts 
in  like  manner,  with  guard  levees  running  back  between  them. 

(6)  Let  the  districts  be  large  enough  to  occupy  the  time,  attention,  and 
professional  labor  of  a  surveyor  of  levees.  Let  there  be  a  chief  engineer 
of  levees,  whose  duty  it  shall  be  to  survey  and  define  these  districts,  and 
to  nominate  to  the  governor  the  district  engineers,  and  to  be  responsible 
for  their  acts,  and  his  own,  in  heavy  bonds. 

(c)  Let  the  whole  and  sole  control  be  placed  in  his  hands,  with  plenary 
powers  to  enforce  the  law  respecting  work  upon  levees,  and  to  draw  from 
a  fund  created  for  that  purpose,  in  order  to  have  the  work  performed  when- 
ever the*planter  is  delinquent. 

(d)  Let  the  levees  be  erected,  in  all  cases,  one  arpent  from  the  river ; 
and  two  or  three  arpents  whenever  ascertained  to  be  necessary,  by  a  hydro- 
graphic  survey  of  the  river ;  the  proprietor  having  to  make  such  levees  in 
front  as  may  be  desirable  or  necessary  to  his  interest.^ 

Remabks  on  Extract. 

In  one  or  more  items  to  which  importance  attaches,  the  learned 
authors,  Humphreys  and  Abbot,  have  dissented  from  the  proofi 
furnished  that  the  plane  of  high-water  discharge  had  not  been 
elevated,  but  rather  depressed,  in  the  three  decades  furnished  by 
me. 

They  present  two  additional  decades :  one  of  which  does  not 
accord  with  my  conclusion ;  and  the  other  does,  most  signally. 

Their  figures,  undoubtedly  correct,  are,  for  mean  high-water* 
mark  on  the  Carrolton  gauge,  five  decades,  from  1811  to  1860, 
inclusive :  — 

*  Thus  much  trom  labors  prior  to  the  Delta  Survey.  "  The  Physics  "  was 
published  in  1860,  and  received  corrections  till  the  paper  went  to  press. 
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1811)  1821)  1881)  1841)  185J) 

to    [-14.65;     to    M4.63;     to    [-14.18;     to    [-14.78;      to    [-18.87. 
1820)  1880)  ■     1840)  186o)  1860) 

Leaying  oat  1855,  this  last  would  read  14.20. 

Why  leave  out  any  year?  We  should  take  the  years  as  they 
come.  Certainly  I  would  not  insist  that  there  might  not  he  a 
group  of  consecutive  very  high  waters  producing  exceptions  to 
this  rule,  as  hetween  1840  and  1850;  nor  that  such  exception 
should  not  he  in  the  opposite  direction. 

In  fitct,  if  my  next  group  of  ten  years,  1848  to  1857,  he  taken, 
I  am  vindicated.  With  my  learned  critics,  I  agree  that  such  illus- 
trations only  give  prohahle,  not  demonstrative  evidence;  hut  I 
think  their  illustration  unfortunate  in  not  sustaining  well  their 
criticism. 

Again,  my  proof  that  the  river  rises  no  higher  now  than  prior 
to  the  construction  of  levees  is  based  upon  the  fact,  among  many 
others,  "  that  there  are  many  points  on  the  banks  of  the  river 
where  the  natural  surface  of  the  land  has  never  been  overflowed 
within  the  memory  of  man,''  and  certainly  that  the  highest  water- 
marks of  the  past  fifty  years  have  not  risen  materially  above 
them. 

This  is  termed  a  "fallacy"  (p.  407)  by  the  authors  of  the  Delta 
Survey.  And  they  proceed  to  show  it  by  reference  to  the  grounds 
about  the  Belleville  Foundry,  in  Algiers. 

By  careful  levels  they  find  this  natural  surface  .3  of  a  foot  below 
the  high  water-mark  of  1858. 

Certainly  it  will  not  be  insisted  that  a  flood  no  deeper  than 
.3  of  a  foot,  or  four  inches,  could  have  deposited  the  alluvial  bed  at 
the  Belleville  Foundry.  In  all  probability  the  waters  were  one 
foot  or  more  in  depth  for  such  deposits,  judging  from  my  great 
number  of  observations  of  this  kind.  True,  I  have  seen  alluvial 
deposit  made  in  rapid  currents,  up  near  to  the  surface,  but  never 
in  tranquil  currents. 

I  must  claim  this  illustration  as  definitely  sustaining  my  view ; 
and  this  is  demonstration^  not  probable  evidence. 

Nor  do  I  agree  that  "it  is  a  sufficient  answer  to  conclusions, 
based  upon  such  facts,  that  there  never  has  been  a  great  flood 
since  levees  were  built,  without  the  occurrence  of  a  large  number 
of  crevasses  below  Red  River  ;  and,  consequently,  that  the  volume 
of  a  flood  has  never  passed  New  Orleans." 

Certainly    these  able  reasoners  will  not  contend  that  at  any 
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time  the  oreyasses  have  been  equal,  in  their  outlet  capacity,  to 
the  entire  open  banks  of  244  miles  I 

I  think  they  will,  upon  reflection,  agree  that  in  every  concave 
bank  there  was  one,  two,  or  three  miles  of  bank,  about  four  feet 
below  the  flood  level;  amounting  to  some  forty  miles  of  such 
outlet,  in  addition  to  forty  more  miles  of  half  the  capacity. 

Such  were  the  banks  unleveed  above  Red  River  in  my  first  ex- 
perience of  floods.  Prior  to  levee  history,  between  Red  River 
and  New  Orleans,  I  believe  that  the  natural  outlets  exceeded  all 
the  crevasses  by  tenfold,  even  when  you  add  the  Plaquemine 
to  their  capacity.  The  river's  bed  at  that  period  had  no  such 
capacity  as  at  present,  mejudice. 

Our  expeiience  in  channel  changes,  since  the  recent  great  cut- 
ofi,  Raccourci,  Palmyra,  and  Terrapin,  seem  to  disprove  the  hy- 
pothesis that  the  river's  bed  is  **  very  tenaciotcs  and  uruihrascUdeJ* 

The  banks  and  the  bed  or  bottom  of  the  river  easily  and  rapidly 
accommodate  themselves  to  new  forces,  new  servitudes. 

I  may  insert  a  few  diagrams  of  recent  changes,  prepared  by 
Genera]  M.  Jeff.  Thompson,  chief  State  Engineer  of  Louisiana,  to 
illustrate  his  Annual  Report,  December,  1 871.  The  dates  attached 
render  needless  all  comment  upon  the  permanence  of  the  Missis- 
sippi's bed ;  and  leave  the  mind  to  its  own  inferences  respecting 
the  eflects  of  the  forces,  gradually  applied  by  the  lateral  restraints 
of  levees,  upon  the  bottom  and  the  banks  of  the  river  in  providing 
for  the  easy  discharge  of  the  waters. 

The  forces,  formerly  dispersed  over  the  banks  and  expanded 
upon  forests  and  thickets,  are  utilized  in  the  proper  mission  of 
river  currents  /  viz.,  the  business  of  chanfiel-^naking. 

Delta  Subvey. 

The  final  Report  was  made  by  the  Engineer  Department  of  the 
Delta  Survey,  planned  by  Colonel  Stephen  H.  Long  and  Captain 
A.  A.  Humphreys,  and  conducted  to  its  completion  by  the  latter 
distinguished  officer  and  engineer,  and  by  his  aid  and  coadjutor. 
Lieutenant  H.  L.  Abbot,  an  able  young  officer. 

This  Report  was  so  thorough  and  exhaustive  as  to  leave  nothing 
untouched ;  and  the  data  were  spread  before  the  American  public 
and  before  the  scientific  world,  upon  which  to  base  a  system  of 
management  and  control  of  the  floods,  and  to  rescue  the  alluvium 
in  accordance  with  the  uninstructed  ambition  of  the  inhabitants. 
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The  war  between  the  "  Outlet  Advocates  "  and  the  "  Thorough 
Levee  Men "  was  decided  by  the  Delta  Survey  in  favor  of  the 
levee  advocates ;  not  wholly  upon  theory,  but  upon  the  impracti- 
cability of  the  outlet  doctrine. 

These  officers,  however,  make  one  recommendation  for  an 
outlet,  with  many  doubts  and  reservations ;  and  locate  it  at  Lake 
Providence,  twenty  miles  south  of  the  Arkansas  line,  right  bank. 

No  one  of  the  other  points  considered  in  the  judgment  of  the 
writer  was  so. impracticable  as  that  recommended. 

The  Herculean  efforts  afterwards  made  by  the  army  under 
General  Grant  to  open  an  outlet,  even  for  temporary  uses,  at  that 
very  point,  and  the  utter  failure  to  make  it  at  all  available,  have 
disposed  of  this  last  stronghold  of  the  outlet  advocates.  * 

Nothing  remains,  then,  but  to  put  our  trust  in  levees. 

Rbsielts  of  this  Paetial  Reclamation'. 

Before  the  beginning  of  the  war  of  secession,  there  had  been 
constructed  by  Louisiana  seven  hundred  and  forty  miles  of  levee 
on  the  .Mississippi,  at  a  cost  of  $18,000,000 ;  and  on  the  outlets, 
Atcha&laya,  Plaquemine,  and  Lafourche,  four  hundred  and  forty 
miles,  at  a  cost  of  $5,000,000 ;  and  in  the  Bed  River  portion  of  the 
Delta,  about  fifty  miles,  at  a  cost  of  about  $1,000,000;  by  thp  State 
of  Arkansas,  about  one  hundred  and  eighty  miles,  at  a  cost  of 
$1,000,000;  by  Mississippi,  about  four  hundred  and  forty-four 
miles,  at  a  cost  of  $14,500,000 ;  and  by  the  State  of  Missouri,  about 
one  hundred  and  forty  miles,  at  a  cost  of  $1,640,000. 

This  is  an  aggregate  of  levee  work  done  by  the  States  and  by 
the  individual  inhabitants,  of  two  thousand  miles,  and  at  a  cost  of 
$41,140,000  spent  in  construction.  And,  in  addition  to  this  vast 
sum  expended  in  a  conflict  of  more  than  one  hundred  and  fifty 
years,  the  loss  of  more  than  double  this  sum  has  been  incurred  in 
the  disasters  of  crevasses  and  inundations;  all  wrung  from  the 
sweat  of  a  most  valiant  industrial  race,  in  the  cause  of  reclamation 
and  civilization. 

Does  it  not  seem,  that  this  is  a  time  for  the  government  to 
step  in  and  assume  the  protection  of  the  area  rescued  firom  the 
dominion  of  the  waters?  Does  not  the  laborer,  in  this  conflict, 
the  industrial  soldier,  whose  ancestors  for  three  or  four  genera- 
tions have  given  their  lives  to  this  enterprise,  deserve  repose  and 
laurels,  for  himself  and  his  posterity. 
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But  the  saddest  part  of  the  levee  history  remains  to  be  told! 

No  sooner  had  triumph  been  announced  than  desolation  like  a 
whirlwind  came  to  this  fair  region,  with  its  ten  thousand  planta- 
tions and  its  half  a  million  inhabitants. 

Wealth,  refinement,  lofty  character,  and  a  type  of  the  most 
exalted  civilization  known  to  an  agricultural  people,  were  found 
on  almost  every  stream,  lake,  and  bayou  in  the  Delta. 

Such  content,  such  absence  of  poverty,  crime,  and  jealonsyi 
such  abundance  of  all  the  necessaries  and  luxuries  of  life,  as  pre- 
vailed among  the  planting  population  of  Louisiana,  Mississippi, 
and  Arkansas  on  these  Delta  lands ;  and  such  an  excess  of  produc- 
tion over  consumption,  in  spite  of  the  disasters  from  crevasses  and 
inundations,  it  is  believed,  are  unknown  in  modem  history.  In 
fact,  it  triumphantly  vindicates  and  justifies  the  dreams  of  its  most 
enthusiastic  prognosticators  of  the  early  day. 

But  alas!  the  Civil  War,  with  its  bitter  hostilities,  came  in 
1861 ;  and  before  one  year  had  elapsed  the  tramp  of  armies,  with 
fire,  sword,  and  flood,  was  upon  the  people ;  and  within  two  years 
these  enormous  works,  that  had  cost  such  a  century  of  toil,  were 
cut  down,  CLS  a  military  necessity^  to  overwhelm  those  who  resisted 
the  federal  arms. 

The  four  years  of  the  war  left  a  desolation  over  these  ten  thou- 
sand fair  fields,  and  an  annual  wilderness  of  waters,  for  several 
months  each  year,  from  the  head  of  the  Delta  down  to  the  marshes 
of  the  sea. 


Levee  Labobs  since  the  Was. 

The  amount  of  destruction  to  levees  occasioned  directly  by 
military  necessity,  and  the  consequent  abrasions  and  increase 
from  the  currents  rushing  through  the  openings  thus  made,  can 
never  be  ascertained.  Certidn  it  is  that  long  reaches  of  crevasse 
still  remain  unclosed ;  and  that,  especially  in  Missouri  and  Arkansas, 
little  attempt  has  been  made  to  replace  them,  above  the  mouth  of 
the  Arkansas. 

The  States  of  Louisiana  and  Mississippi  immediately  addressed 
themselves  to  the  task  of  replacing  the  most  important  levees; 
and,  although  some  great  openings  have  been  deferred  on  account 
of  their  magnitude,  others  of  the  largest  kind  have  been  rebuilt, 
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and  again  broken  and  rebuilt ;  and  for  the  reason  of  eictraordinary 
oaying  as  a  consequence  of  cut-offs  newly  made,  and  other  causes, 
will  have  to  be  again  rebuilt,  for  the  third  time  since  the  war,  to 
save  the  best  plantations  and  some  of  the  largest  interests  in  the 
State. 

The  levees  rebuilt  since  the  war  in  Louisiana,  in  the  four  parishes 
north  of  Red  River,  and  in  Point  Coupee,  up  to  the  end  of  the 
.year  1870,  amount  to  just  8,135,656  cubic  yards  at  a  cost  of  about 
'♦4,881,936» 

In  consequence  of  the  opening  in  the  levee,  at  Ashton  near  the 
Arkansas  line  and  at  Diamond  Island  bend,  the  river  did  not  rise 
as  high  in  the  district  north  of  Red  River  as  formerly,  and  the 
levees  hence  were  built  only  to  an  elevation  five  feet  below  the 
highest  water-marks ;  and  hence  the  cost  and  contents  have  been 
greatly  reduced. 

General  Thompson's  Report  of  1870-71,  as  chief  State  Engineer, 
says:  — 

In  my  October  26th  Report,  1869, 1  have  shown  that  it  would  require 
6,218,000  cubic  yards  of  earth  to  place  the  levees  of  these  parishes  in 
repair,  up  to  the  old  grade.  But  the  wear  and  tear  of  levees  I  estimate 
to  amount  to  near  2,000,000  cubic  yards  per  year.  This  yearns  report  con- 
firms last ;  for  this  report  embraces  every  defective  levee  in  the  five  districts, 
and  calls  for  5,111,300  cubic  yards. 

We  have  built  2,206,000  yards  during  this  past  season,  which  will  leave 
2,000,000  more  for  the  Mississippi  River,  had  there  been  no  caving ;  but 
with  new  work  just  rendered  necessary  we  shall  require  4,000,000  yards, 
including  the  closure  of  the  Ashton  and  Diamond  Island  crevasses. 

O.  D.  Bragdon's  "  Facts  and  Figures  for  the  People,"  January 
1,  1872,  prepared  under  the  eye  of  the  Qovemor  by  his  private 
Secretary,  and  certified  by  the  State  Auditor,  says,  "  The  levee 
bonds  issued  by  Louisiana,  on  which  the  State  pays  eight  per 
cent  interest,  amount  to  $8,134,000."    Thus:  — 

Act  86,  1866 $1,000,000 

„    16,  1867 4,000,000 

„    82,  1870 8,000,000 

„  106,  1870 184,000 

18,184,000 

•  Flood's  Report,  of  December  81,  1870,  makes  4,688,260  cubic  yards  cost 
$2,608,666,  giving  an  average  rate  of  sixtj  cents  per  cubic  yard  (but  see  Brag- 
don's "  Facts  and  Figi)res  for  the  People,"  p.  42). 
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This  is  a  strong  comment  upon  the  depreciation  of  State  seen- 
rities,  when  it  requires  $8,134,000,  in  bonds,  to  yield  the  $4,881,936 
actually  earned  and  paid  out  for  the  8,135,656  cubic  yards  of  levee 
built.  Thus  the  system  of  building,  under  State  management, 
and  with  State  bonds,  makes  the  cost  one  dollar  per  cubic  yard. 

The  present  contract  with  the  Levee  Company  at  sixty  cents 
per  yard  requires  the  building  of  15,000,000  yards  in  four  years; 
upon  which  the  State  engages  to  pay  ten  per  cent  annually  for 
twenty-one  years,  being  entirely  unable  to  pay  the  principaL  In 
addition,  the  State  contracts  to  pay  a  two-mill  tax,  for  levee 
repairs.  And  this  tax,  and  the  ten  per  cent  on  the  $9,000,000  for 
levee  construction,  are  to  be  collected  with  the  other  State  taxes 
on  all  the  property  of  the  State,  for  the  twenty-one  years  of  the 
contract. 

Even  with  these  apparently  favorable  terms,  it  was  found  very 
difficult  to  induce  capitalists  to  undertake  the  task,  from  fear  of 
the  State's  inability  to  comply  ^ath  its  contract. 

Finally  the  burden  was  assumed  by  a  few  men  of  large  means, 
whose  whole  fortunes  lie  beneath  the  levees,  and  who  would  be 
ruined  if  the  levees  are  not  maintained. 

The  estimated  cubic  yards  of  levees  standing  in  the  State  in 
1860  was  as  follows :  * — 

Miles.  Cubic  Yards. 

From  Arkansas  line  to  Red  River 250  15,000,000 

From  Red  River  to  Fort  Jackson 290  16,000,000 

From  B&ton  Rouge  to  Fort  St  Philip    ...      200  9,000,000 

Total  on  the  Mississippi  Banks 89^000,000 

MUes.  Cubte  Yuds. 

On  the  Lafourche,  both  sides 70  3,500,000 

On  the  Atchafalaya,  both  sides 70  8,000,000 

On  Red,  Black,  and  Ouchita  Rivers  ....      200  5,000,000 

Making  a  grand  Total  of 50,000,000 

The  amount  of  wgrk  done  since  the  year  1865  is  as  follows  :  — 

Cable  Yards. 

By  the  Duralde  Board,  cash  contracts 4,674,414 

By  the  Duralde  Board,  time  contracts 2,495,800 

By  the  Oglesby  Board 362,850 

By  the  Board  of  Public  Works  (Flood) 4,736,265 

Total  built  since  1865 12,268,829 

*  General  Thompson's  estimate  includes  two  years'  levee  building  of  the  pros- 
perous days  after  the  Delta  Survey,  estimate  given  on  {fp.  18, 19. 
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Stm  required 6,111,000 

Wear  and  tear  for  ten  years,  and  the  disaster  of  war 

inclusiye 17,880,120 

This  was  enhanced,  too,  by  the  forces  of  cut-offs. 

TJie  labors  of  the  State  of  Mississippi,  in  restoring  and  strength- 
ening her  leyees  since  the  war,  are  not  at  this  moment  in  reach, 
but  are  expected  in  time  to  famish  an  abstract  for  this  paper. 
The  same  may  be  said  of  the  State  of  Missouri  and  Arkansas. 

The  Oppbessiye  Tax  op  Levee  Suppoet. 

These  tables,  estimates,  and  detail  of  labors,  are  presented  to 
show  how  formidable  is  the  undertaking  to  restore  the  broken 
levees,  and  how  exhausting  to  the  treasury  of  any  single  State  to 
sustain  the  expense  of  the  abrasive  forces  brought  to  bear  upon 
the  levees  and  the  banks  of  the  Mississippi  River. 

In  the  case  of  the  State  of  Louisiana  the  resources  for  these 
purposes  were  wholly  wanting.  The  State  treasury  was  empty, 
and  recourse  was  had  to  the  issue  of  bonds  for  this  and  many  other 
purposes,  proper  and  improper ;  till  the  over-issue  of  obligations 
depreciated  the  paper,  and  made  the  expense  of  prosecuting  these 
works  of  such  vital  importance  extremely  oppressive.  In  truth, 
such  is  the  depreciation  at  the  present  time  that  bonds  issued  for 
any  purposes  are  at  half  their  face  value.  Her  sister  States  of  the 
Delta  were  no  better  provided  with  means  for  protection. 

Impressed  with  the  momentous  importance  of  the  levee  protec- 
tion, contemplating  the  fact  that  four-fiflhs  of  the  property  in  the 
State  was  beneath  the  level  of  annual  high  waters,  including  the 
great  commercial  emporium  of  the  Mississippi  Valley,  New  Orleans, 
men  of  knowledge  undertook  the  devising  of  a  scheme  which 
should  transfer  the  business  of  levee  protection  to  the  care  and 
interests  of  a  powerful  corporation. 

After  several  years  of  discussion,  and  the  sanction  of  the  great 
commercial  conventions,  the  Legislature  of  1871  (February)  passed 
an  Act  incorporating  a  company,  and  contracted  with  the  same 
for  the  custody,  construction,  and  repair  of  the  State  levees  for  a 
period  of  twenty-one  years. 

A  provision  of  this  Act  binds  the  State  annually  to  assess  and 
collect,  with  other  taxes  of  the  State,  the  amounts  to  be  paid  to 
the  Levee  Company  for  their  work,  as  stipulated ;   these  sums 
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to  be  paid  over  annually  to  the  Levee  Company.  Thus  secured 
in  their  return  revenues,  a  company  of  capitalists  have  entered 
upon  the  great  work,  and  performed  nearly  one  year's  service. 

The  beneficial  effects  of  this  method  have  already  been  expe- 
rienced in  the  complete  protection  of  the  State  from  inundation 
during  one  high-water  season,  by  the  judicious  location  and  rapfd 
and  improved  construction  of  about  2,500,000  cubic  yards  of 
levee.* 

Such  are  the  cormorant  demands  of  the  levee  repairs  and  con- 
struction under  the  new  sei-vitudes  of  the  river  banks,  that  the 
taxation  demanded  to  pay  for  the  work  done  by  the  company  will 
amount  after  the  first  three  years  to  $1,400,000  per  year ! 

This  amount  would  be  a  very  large  sum  for  the  whole  State 
taxation.  But  when  added  to  a  State  debt  of  indefinite  millions, 
wliose  interest  mtist  be  paid^  the  sum  is  more  than  the  State  can 
long  endure ;  and  bankruptcy  stares  her  in  the  face. 

Regarding  these  levees,  however,  as  vital^  it  is  probable  this 
item  will  be  borne,  even  if  others  utterly  fail,  —  at  least,  daring 
the  period  of  the  State's  contract  with  the  Levee  Company,  or  till 
relief  can  be  obtained. 

But  her  people  turn  with  the  confidence  inspired  by  a  just  cause, 
and   ask  of  the  Nation,  the   Federal   Government,  to  consider 
whether  they  have  not  ample  ground  for  respectful  demand  for* 
entire  relief  from  this  stupendous  burden. 

Is  not  the  enterprise  of  reclaiming  the  Delta  national^  in  its 
scope  and  nature? 

National  Chabacteb  of  Levee  Burden. 

We  have  seen,  in  a  previous  chapter,  the  extent  of  the  Delta 
covered  by  levees;  and  that  the  alluvial  area  fronts  materially 
upon,  and  forms  a  large  interest  in,  five  States  of  the  Valley  of  the 
Mississippi.  And»  it  is  here  proper  to  add,  that  it  receives  its  con- 
tributions from  no  less  than  twenty-one  States  and  five  Territories, 

*  Fortunately  for  the  safety  of  our  many  recently  built  earthworks,  the  liTer 
did  not  reach  a  very  high  mark,  wanting  three  feet  at  New  Orleans  of  the  mark 
of  1868-71.  But  the  water  stood  from  five  feet  to  twelve  feet  against  several  of 
the  new  works,  constructed  with  the  new  improvements ;  yet  no  teppa^-waler 
pasaed  through  the  barrier  provided  against  transpiration  and  burrowing  animals.  The 
natural  prejudices  against  new  methods  have  been  dissipated  by  the  results  of 
these  tests. 
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destined  soon  to  be  States,  and  from  an  area  of  1,256,050  *  square 
mOes.  This  basin  of  the  Mississippi  and  tributaries  receives  from 
the  clouds  an  amount  of  rain  equal  to  20.9  inches  per  year  over 
the  surface  of  the  west  or  right-hand  basin,  and  of  47.8  inches 
over  the  eastern  or  leit-hand  basin,  including  the  upper  Mississippi. 

The  total  annual  discharge  of  water  upon  this  area,  as  computed 
in  the  Delta  Survey,  is  89,400,000,000,000  cubic  feet.  Of  this  quan- 
tity of  rain,  the  discharge  through  the  channel  of  the  Mississippi 
into  the  Gulf  is  only  twenty-five  per  cent,  according  to  the  elabo- 
rate investigations  of  the  Delta  Survey .f 

This  drainage  bears  with  it  the  abraded  sedimentary  matter^ 
from  every  portion  of  the  Valley ;  and  in  process  of  long  ages  has 
thrown  the  contributions  down  upon  the  Delta  above  described, 
and  filled  up  the  ^^nland  sea,"  whatever  may  have  been  its  actual 
extent  and  depth,  till  the  alluvial  area  extends  six  hundred  miles 
seaward  from  its  head,  at  Cape  Girardeau,  to  the  bar  at  South-west 
Pass. 

It  is  these  contributions  of  transport  material  through  which 


*  In  my  plea  for  a  Geological  Survey  of  Louisiana,  1840-41,  addressed  to  Pro- 
fessor Riddell,  and  published  in  the  '*  Commercial  Bulletin/'  I  computed  the 
Basin  of  the  Mississippi  River  at  1,800,000  square  miles,  and  preserved  the  same 
in  my  critique  upon  Lyell,  in  1846-46 ;  and  again  repeated  it  in  my  chapter, 
"Geology  of  the  Valley,"  prepared  for  " Monette's  Physical  Geography/'  com- 
pleted, but  never  published.  I  waive  to  the  Delta  Survey,  for  courtesy,  not  for 
greater  accuracy.  A  geodetic  measurement  would  rather  increase  than  diminish 
my  figures. 

t  The  subjoined  Table,  copied  from  p.  186  of  that  great  work,  is  the  result  of 
the  most  searching  and  widely  gathered  statistics,  digested  and  condensed  as 
authority.    It  will  be  found  convenient  of  reference,  and  is  therefore  presented. 


Name  of  Basin. 

Area. 
Sq.  MUes. 

Annual  Rain. 
Cubic  Feet. 

Annual  Discharge. 
Cubic  Feet. 

Batio 
perct. 

Ohio 

Missouri     .    .    . 
Upper  Mississippi 
Small  tributaries 
Ark.  &White  Rivers 
Red  River  .    .    . 
Yazoo    .... 
St.  Francis .    .    . 

214,000 

618,000 

169,000 

82,400 

189,000 

97,000 

18,000 

10,000 

20,700,000,000,000 

26,200,000,000,000 

18,800,000,000,000 

8,600,000,000,000 

18,000,000,000,000 

8,800,000,000,000 

1,600,000,000,000 

1,100,000,000,000 

6,000,000,000,000 
8,780,000,000,000 
8,800,000,000,000 
8,240,000,000,000 
2,000,000,000,000 
1,800,000,000,000 
1,860,000.000,000 
9,990,000,000,000 

0.26 
0.16 
0.24 
0.90 
0.16 
0.20 
0.90 
0.90 

Total,  ezclud'g  Red 

1,147,000 

78,900,000,000,000 

19,600,000,000,000 

0.26 
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the  river  carves  its  channel,  abrading  and  lifting  the  earths  and 
soils  £rom  one  place,  and  precipitating  them  in  another,  and 
gradually  bearing  its  burden,  partly  suspended,  but  tenfold  or  an 
hundred-fold  more  "pushed"  forward  on  the  bottom,  down  the 
channel,  and  up  the  bar  and  over  it,  into  the  thousand-fathom 
depths  of  the  Gulf. 

When  the  time  arrived  for  man  to  utilize  and  occupy  the  Delta, 
it  became  necessary  to  confine  the  waters  and  their  transported 
materials  to  the  channel,  and  hence  to  contribute  them  to  the  sea. 
The  results  as  shown  above,  in  the  chapter  from  the  Physics,  are 
well  understood ;  and  the  consequences,  as  shown  in  the  Delta 
Survey,  entirely  manageable. 

But  the  new  regimen  of  the  flowing  volume  is  greatly  tinged 
and  the  servitudes  increased^  for  a  threefold  reason :  — 

1.  The  increased  forces  during  the  high-water  season,  from  the 
restraints  by  the  levees. 

2.  The  increased  forces  and  changes  of  channel  due  to  cut-ofi. 

3.  The  continued  and  ever-increasing  forces  thrown  against  the 
banks  and  the  levees  by  the  steamboat  waves. 

Increased  Fobce  from  Levees. 

We  have  shown  that  this  burden  has  grown  beyond  the  control 
of  the  States. 

Is  the  interest  national  from  this  point  of  view? 

Certainly  the  Nation's  wealth  has  been  largely  enhanced  by  the 
settlement,  upon  this  Delta,  of  half  a  million  of  agriculturists,  and 
the  productions  of  the  great  staples  of  cotton,  sugar,  ilnd  rice,  in 
such  unexampled  abundance. 

The  cotton  produced  in  the  alluvial  basin  in  1860  amounted  to 
688,254  bales  or  275,301,600  pounds,  worth  at  fifteen  cents  per 
pound  $41,295,240. 

The  sugar  produced  in  Louisiana  in  1860  amounted  to  460,000 
hogsheads,  or  about  460,000,000  pounds,  worth  at  seven  cents  per 
pound  $32,200,000. 

The  rice,  corn,  potatoes,  frnits  and  vegetables,  and  her  stock, 
amount  by  rough  estimate  to  ten  millions  more ;  an  aggregate  of 
$83,500,000. 

"Restore  Louisiana  levees  alone,^*  says  the  Congressional  Committee  on 
Levees  of  1871,  "  to  their  imperfect  condition  before  the  war,  and  we  can 
make  at  least  the  225,000  tons  of  sugar  which  were  made  in  1860.  We  consume 
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over  400,000  tons  of  raw  sugars  of  all  kinds ;  bat  the  destruction  of  levees 
bas  sent  us  to  Cuba  and  Brazil  for  this  necessary  of  life.  We  pay  about 
$60,000,000  in  gold  annually  for  sugar  and  molasses  over  and  above  the 
ten  or  twelve  millions  in  food,  manufactures,  and  tools,  which  we  export  to 
those  countries.  If  we  produce  at  home  these  sugars,  our  mechanics  get 
sale  for  the  machinery  and  fine  tools,  and  they  take  our  sugars  in  exchange. 
The  North  and  the  West  are  interested  in  these  sales.  A  very  few  more 
years  of  plantation  extension  would  enable  us  to  produce  the  whole  addi- 
tional demand,  and  to  save  yearly  the  sixty  millions,  and  export  largely  to 
foreign  countries." 

The  Committee  continues :  — 

'•  Cotton  is  the  great  crop  for  export,  and  by  cotton  is  controlled  the 
exchange  of  the  world.  .  .  . 

*'In  1868,  the  crop  in  the  United  States,  recovering  from  the  disasters 
of  the  war  by  degrees,   produced  2,430,893  bales;    in  1869,  3,122,551  t 
bales ;  in  1870,  4,352,317  bales ;  in  1871,  a  disastrous  year,  3,750,000  bales. 
In  1861,  Mississippi  alone  raised  1,202,507  bales,  more  than  one-third  upon 
her  alluvial  lands.    In  1860,  the  Yazoo  basin  produced  220,000  bales. 

"Complete  our  levees,  and  we  rescue  ten  million  acres  of  the  best 
cotton  land  in  the  world ;  raise,  besides  other  valuable  staples,  seven  million 
bales  yearly  of  this  controlling  staple.    .     .     . 

**  For  these  lands  are  level,  and  free  from  stones ;  and,  with  a  soil  easily 
tilled,  they  are  adapted  to  the  use  of  all  the  improved  agricultural  ma- 
chinery." 

The  value  of  the  lands  embraced  in  the  Delta,  as  forming  an 
item  of  national  wealth,  becomes  very  important. 

The  area  computed  at  38,706  square  miles  contains,  at  six  hun- 
dred and  forty  acres  to  each  square  mile,  24,771,840  acres. 

What  value  shall  we  attach  to  these  acres  of  more  than  Egyptian 
fertility?  Let  us  analyze,  before  attaching  definite  values  per 
acre,  to  this  empire  of  wealth,  or  of  water.  ' 

Assuming  the  24,771,540  acres  to  have  been  worth  unreclaimed 
$1.25  per  acre  on  the  front  of  the  streams  of  the  larger  class,  to 
the  depth  of  one  mile  average  on  each  side,  amounting  to  about 
10,000  sections  or  6,400,000  acres,  the  value  in  money  was,  before 
levees,  $8,000,000. 

The  remaining  swamp  lands  would  not  have  been  bought  in 
many  years  at  ten  cents  per  acre.  These  were  the  prices  and 
condition  of  the  lands  above  Red  River,  up  to  about  1840.  The 
total  value  to  the  Treasury  of  the  United  States  by  this  estimate 
was  8,000,000  +  1,477,184  =  $9,477,184,  as  the  total  value  of  the 
Delta,  six  hundred  miles  long  and  sixty  miles  wide. 
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History  tells  ns  that  in  1804  Napoleon  I.  sold  Louisiana,  embrac- 
ing the  Delta  and  an  empire  of  area  beyond  it,  to  President 
Jefferson,  for  $6,000,000,  when  only  an  insignificant  portion  of  the 
lands  had  passed  into  private  hands.  Let  us  ask  what  was  the 
value  of  the  Delta  lands,  at  the  beginning  of  the  War  of  Secession, 
when  our  levees,  feeble  though  many  of  them  were,  had  been 
extended  nearly  the  whole  front  of  the  Delta? 

The  lands  completely  reclaimed  were  worth  (80  per  acre ;  and 
these  6,400,000  acres,  fronting  on  the  navigable  streams,  were 
justly  appraised  at  $192,000,000;  and  all  the  swamp  lands  not 
reclaimed  for  the  plough  were  worth  for  their  fuel  and  their  tim- 
ber, as  appurtenant  to  the  arable  lands,  110  per  acre,  and  had  an 
Aggregate  value  of  $147,718,400;  and  the  real  value  of  the  whole 
area  of  the  Delta  lands  might  be  placed  at  $339,718,400.  Levees 
raised  this  value  from  $9,000,000. 

Should  this  reclamation  be  completed,  in  ten  years,  we  are  con- 
fident, the  total  value  of  both  the  cultivable  and  uncultivable  areas 
of  swamp  lands  would  double  this  estimate.  And  in  ten  years 
from  the  completion  of  this  work,  the  value  of  the  landed  estates, 
if  at  all  estimable  in  money,  would  be  $780,000,000. 

What,  then,  would  be  the  importance  to  the  people  of  the  United 
States  in  a  period  of  fifty  years,  if  all  the  alluvial  lands  in  the 
Delta  are  reclaimed  and  utilized? 

The  amount  required  to  put  the  levees  in  order,  and  to  keep 
them  at  the  grade  indicated  by  Humphreys  and  Abbot  in  the 
Delta  Survey,  would  appear  trivial,  and  would  be  returned  ten- 
fold in  a  territory,  rescued  by  science,  courage,  and  enterprise 
from  the  former  Delta  Sea,  the  most  valuable  upon  the  surface  of 
the  globjB ! 

Is  not  such  a  work  national  ? 

New  Servitudes  from  Cut-offs. 

Four  great  cut-ofis  have  been  made  since  1828 ;  namely,  the 
Shreve  cut-off*  at  the  mouth  of  Red  River,  three  hundred  miles 

*  A  cut-off  was  made  at  Bunch's  Bend,  near  and  below  the  Arkandw  State 
line,  latitude  88^  in  1880.  The  len^^th  of  the  bend  was  about  fifteen  mile*. 
There  were  no  levees  in  that  region  at  the  date  of  the  cutofil  The  cut-oflii 
below  the  mouth  of  the  Arkansas  (some  six  hundred  and  fifty  miles  from  the 
sea),  within  a  period  recent  enough  to  keep  their  "  old  river  "  lakes  close  to  the 
present  river  channel,  are  worth  attention.  They  are  fourteen  in  number  and 
about  two  hundred  miles  in  length. 
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above  the  mouth,  made  in  1881,  after  the  flood  had  subsided;  and 
Rjtcconrci  cut-off  of  1849,  at  a  point  only  ten  miles  below  the  lower 
end  of  the  Shreve  cut-off.  These  shortened  the  river  respectively 
eighteen  and  twenty-one  miles. 

The  two  cut-ofi&  made  above  Red  River  were  the  Terrapin 
Neck  of  about  twelve  miles,  made  in  1868,  at  a  point  about  thirty 
miles  above  Vicksburg,  or  four  hundred  and  fifty  miles  above  New 
Orleans;  and  Palmyra  cut-ofi^  twenty-three  miles  below  Vicks- 
burg, shortening  the  river  about  twenty  miles,  on  this  plane.  This 
was  made  in  1867. 

The  total  shortening  of  the  river  by  these  four  cnt-ofis  (all  made 
within  the  levee  period  of  their  localities)  is  about  seventy-one 
miles ;  and  the  plane  of  declination  has  been  increased  by  some 
8.4  feet,  at  the  first  two  cut-offs,  three  hundred  miles  ^om  the 
mouth  of  the  river^  and  was  increased  about  eight  feet  at  the 
upper  two  cut-ofis,  some  five  hundred  miles  from  the  mouth. 
This  inci*ea8e  of  declination  bears  with  it  the  consequence  of  in- 
creased abrasions  on  the  bends  of  our  river. 

Such  have  been  the  immediate  effects  of  these  cut-ofb  as  to  cause 
gr^at  havoc  upon  the  banks,  near  the  cut-ofis,  both  above  and 
below ;  and  to  destroy  plantations,  and  greatly  increase  the  levee- 
making  necessity.  I  again  invite  attention  to  the  diagrams  accom- 
panying this  paper  for  illustrations  of  these  devastations. 

These  cut-ofb  can  scarcely  be  charged  to  the  people  who  live 
upon  the  lands,  now  demanding  protection.  They  have  been 
made  both  by  natural  and  artificial  causes:  the  natural,  such  as 
have  made  fifteen  other  cut-ofb  below  Memphis,  and  above,  between 
and  below  these  enumerated ;  the  artificial  causes  have  all  been 
personal  and  individual,  except  the  single  Raccourci  made  by 
authority  of  the  Louisiana  Legislature. 

But,  whatever  the  cause,  the  effects  are  upon  us,  and  must  be 
provided  for. 

It  will  be  found  below  that  the  natural  causes  of  cut-offs  find  a 
powerful  auxiliary  of  the  artificial  kind,  for  which  the  conmierce 
of  the  whole  West  and  the  Nation  are  responsible. 

Certainly  these  new  servitudes  brought  to  bear  upon  the  banks 
and  levees  are,  as  demonstrated  above,,  beyond  the  ability  of  the 
people  of  the  Delta  to  bear;  and  we,  the  people,  turn  with  con- 
fidence to  the  General  Government  for  relief. 
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New  Servitude  from  Steamboat  Waves. 

The  claim  of  the  inhabitants  of  the  Delta  for  national  aid  rests 
upon  much  stronger  grounds  than  mere  prospective  revenues  and 
productions.  These  claims  come  in  the  form  of  redamcUians. 
They  are  based  upon  the  perpetual  and  ever-increasing  attack 
made  upon  the  banks  of  the  river  and  the  levees,  by  the  passing 
commerce  of  no  less  than  twenty-one  States  and  five  Territories 
—  the  most  productive  of  the  Union  —  that  send  their  untold 
commerce  down  the  river,  and  receive  their  imports  in  retoro. 
The  steamers  that  transport  this  commerce  send  their  resbtleas 
waves  again/St  banks  and  levees,  lashing  and  abrading  them  almost 
without  cessation.  Our  lower  river  hardly  ever  rests.  One  set 
of  waves  succeeds  another ;  and  each  finds  its  rest,  in  the  equiv* 
alent  of  its  forces,  transferred  to  the  banks  and  channel  of  the 
riyer. 

These  lashings  and  abradings,  independent  of  the  other  causes, 
render  the  task  of  levee  constriiction  more  and  more  oppresnve 
yearly,  until  it  has  become  intolerable. 


Measure  of  Wave-Forces  on  Banks,  4jc. 

Let  it  first  be  observed  that  the  forces  started  by  a  steamer 
ploughing  the  waters  are  chiefly  lateraL  The  bow  of  the  vessel  and 
the  paddle-wheels  throw  up  waves  that  cannot  find  movement, 
except  along  the  surface ;  and  even  when  the  paddles  strike  down- 
ward, the  displacement  is  lateral,  except  at  very  abort  distances 
beneath  the  dip  of  the  wheel. 

The  force  is  felt  downward  only  at  the  wheels  or  propeller ;  and 
these  immediately  react  and  run  along  the  suiiace  to  the  distant 
shores.  And  since  the  waters  are  indefinitely  mobile  among  their 
particles,  repose  for  displacement  or  violence  can  only  be  found 
against  the  walls  of  the  channel.  The  total  force  exerted  against 
the  banks  must  be  the  same,  whether  diffused  or  concentrated, 
though  the  abrasions  will  be  materially  different. 

Forces  are  never  lost,  though  their  facility  of  transmission 
is  greatest  in  water,  and  least  in  solids,  such  as  the  river  bank. 
And  since  these  banks  are  composed  of  material  brought  and  laid 
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down  where  they  lie,  by  these  very  waters,  moving  at  a  velocity 
of  three  feet  per  second,  whenever  the  new  forces,  brought  to  bear 
by  grecUer  velocity  of  wave  or  current,  attack  these  particles,  they 
displace  them,  and  carry  them  down  to  lower  levels. 

Let  us  take  an  example.*  The  steamer  "  James  Howard,"  of 
side-wheel  construction,  and  with  1500  tons  freight,  passed  up  the 
river  at  near  mean  high- water  gauge  at  Carrolton,  12.5  feet, — 
three  feet  below  maximum.  Her  rate  was  about  ten  miles  per 
hour  against  a  current  of  four  miles  per  hour,  making  a  move- 
ment of  her  waves  of  10  -^  4  miles  =  14  miles. 

The  waves  of  practical  value  were  oblique,  23^  to  her  course  on 
each  side,  and  could  be  distinctly  counted  to  about  the  fifteenth 
wave;  and  I  added  five  for  the  confused  irregular  waves  that 
followed. 

Ten  of  these  waves  were  nearly  of  the  same  height,  and  were 
measured  by  their  rise  on  a  rod  and  a  drift-log  that  did  not  break 
them. 

These  waives  averaged  about  sixteen  inches  of  height  at  three 
hupdred  feet  behind  the  vessel;  and  the  remaining  ten  waves 
averaged  less  than  half  that  height,  say  six  inches.  They  were 
all  delivered  against  the  banks  with  the  velocity  of  the  steamer, 
plus  the  rate  of  the  current,  say  at  fourteen  miles  per  hour,  or 
twenty  feet  per  second. 

Without  attempting  to  weigh  this  force,  by  computing  its 
dynamics  from  these  data,  I  assume  that  the  tonnage  of  the 
steamer,  multiplied  by  her  velocity,!  gives  the  just  practical 
result. 

It  is  probable  that  the  "Howard's"  own  tonnage  is  more  than 
half  her  load,  and  that  2300  tons  would  be  the  weight  of  boat  and 
cargo.  We  have  then  4,600,000  lbs.  delivered  against  the  banks 
of  the  river,  at  the  rate  of  ten  miles  per  hour  =  14.6  feet  per 
second. 

Now  this  force  is  repeated    every  length  the  vessel  travels; 

*  I  made  a  series  of  obserTations  on  steamboat  wares  for  the  Delta  Suryej, 
bat  do  not  find  them  in  the  Report.  Thej  were  probably  found  too  defectire 
for  jue,  and  may  not  hare  been  regiw^ed  as  within  the  scope  of  the  Survey. 
Nor  are  these,  which  I  present,  at  all  satisfactory.  They  may  be  in  excess  of 
the  mean.    I  shall  continue  and  exhaust  the  subject  in  my  future  labors. 

t  If  the  current  velocity  be  added  for  an  ascending  boat,  it  must  be  sub- 
tracted for  a  boat  descending.  It  is  fair  therefore  to  omit  it  in  both,  and  leave 
the  forces  exerted  by  the  lapse  of  the  current,  as  a  normal  servitude,  not  in* 
Tolved  in  the  new  forces. 
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and  taking  her  length  at  three  hundred  feet,  or  one  hundred  yards, 
the  force  is  repeated  1760  times  in  every  mile. 

Thus  the  violence  done  to  the  banks  and  levees  by  one  trip 
of  the  "James  Howard"  is  measured  by  4,600,000  lbs.  X  l-^-^ 
X  1760,  for  each  mile  of  her  travel.  The  aggregate  force  then, 
that  is  abnormal,  applied  by  this  steamer,  amounts,  in  foot 
pounds,  to  118,201,600,000  lbs.  =  60,000,000  tons,  or  3,940,000 
horse  power. 

.    These  quantities  are  so  enormous  as  to  be  unappreciable  to  the 
mind  unless  illustrated  by  some  familiar  example :  — 

A  levee  of  nine  feet  in  height,  by  our  recent  formula,  say  that 
of  Humphreys  and  Abbot,  with  slopes  of  two  and  three  to  one, 
contains  1200  cubic  yards  in  every  hundred  feet,  and  3000  lbs. 
to  the  cubic  yard.  The  three  hundred  feet  of  levee,  equal  to  the 
length  of  the  "James  Howard,"  would  weigh  10,800,000  lbs.,  and 
the  force  thrown  against  the  levee  or  bank^  each  tripy  by  the  pa8«.ng 

boat,  would  be     '  >^' —  =  34,080,000  lbs. ;  more  than  three  times 

the  weight  of  the  whole  levee/ 

Thanks  to  the  tenacity  of  the  soils  and  materials  of  the  banks 
of  the  river,  these  banks  do  stand  these  forces,  repeated  fifty  times 
a  day  under  many  modified  forms;  and  still  they  stand  almost 
miraculously  this  fearful  servitude. 

But  this  is  wholly  abnormal,  and  chargeable  to  the  commerce  of 
the  Mississippi  Valley. 

COMMEBCB   OF   THE  MISSISSIPPI  RlYES. 

It  follows  from  the  conclusions  of  the  last  pages,  that  the 
entire  tonnage  of  tibe  river  must  be  aggregated,  in  order  to  make 
up  the  account  of  the  levees  against  the  Western  country's  com* 
merce. 

I  am  indebted  to  Judge  W.  M.  Burwell,  Secretary  of  the  New- 
Orleans  Chamber  of  Commerce,  for  the  items  relating  to  this 
commerce  woven  into  these  remarks. 
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Table  I 

Arrived  myd  Cleared  at  New  Orleans,  1871. 

River  Crafto.  Trips.       Approx.  Tonnage. 

Steamboats 6344      .    .  160,000 

Barges .    .  10,000 

Coastwise  and  ForeigQ  Saiiships    ....      1041      .    .  150,000 

,  Steamships 1094      .    .  60,000 

Mississippi  Barge  Line,  Eight  Tugs  and  Forty  Barges^    .  82,000 

Other  Barges  on  Mississippi  and  Ohio,  exclusive  of  Coal .  82,000 

444,000 

Tonnage  of  Vessels 444,000. 

Table  II. 

Products  Received. 

Tons. 

Cotton say  1,600,000  bales 876,000 

Com say  4,000,000  bushels 121,000 

Flour 1,671,281  barrels 186,000 

Tobacco 25,000  hogsheads .    .    .    .  28,000 

Sugar  (home  crop)  .              140,000       „          ....  164,000 

Western  Provisions  other  than  Corn 50,000 

Coal  (6,000,000  tons  per  flat  boats,  —  make  no  waves, 

float  on  the  current)      . 

Other  commodities,  —  Furniture,  Lumber,  Staves,  Lathes, 

Hardware,  Iron,  &c 86,000 


1,000,000 


Imports,  $20,000,000. 

Estimated  at  one-flfth  other  receipto 250,000 

Total  Freights 1,260,000 

Total  Vessels 444,000 

Total  movement Tons  1,694,000 

Thus,  the  tonnage  transported  on  the  Mississippi  in  1871,  by 
vessels  producing  waves^  amounts  in  aggregate  to  1,694,000.  Every 
ton  and  every  pound  of  this  freight  sent  its  corresponding  ton  of 
wave  against  our  banks,  at  an  average  velocity  which,  after  some 
reflection,  I  have  placed  at  six  miles  per  hour  =  8.8  feet  per  second. 
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To  appreciate  the  effect  of  this  prodigious  force,  we  can  bat 
multiply  the  1,794,000  tons  by  8.8  feet  per  second,  and  impute  a 
force  of  15,787,000  tons  running  currently  the  entire  line  of  our 
banks  and  levees  of  2000  miles,  every  consecutive  point  receiving 
this  force  I 

It  is  incredible  then,  that,  in  addition  to  the  burdens  the  levees 
originally  assumed,  of  current  lapse  and  occasional  wind-waves, 
the  levees  and  banks  of  the  Mississippi  River  should  bear  this  ser- 
vitude ;  and  that  the  people  who  live  along  these  river  fronts  should 
be  able  to  bear  the  burden  of  rebuilding  and  repairing  them  for  ever. 

Certainly  this  burden  should  be  now  assumed  by  those  whose 
commerce  for  ever  attacks  and  batters  them  down. 

No  power  but  that  of  the  Greneral  Government  can  reach  a 
case  so  ramified,  and  touching  the  interests  of  people  in  so  many 
States. 

•A  subsidy  from  the  national  treasury,  or  some  very  small  tax 
upon  all  the  commerce  that  traverses  the  Delta  through  this  river, 
and  a  like  contribution  from  all  the  commerce  and  travel  of  rail- 
roads whose  tracks  and  transportation  cross  or  pass  beneath  the 
protection  of  these  Delta  levees,  would  be  adequate  to  the  burden 
of  levee  protection. 

The  cry  for  help  comes  up  from  a  line  of  more  than  fifteen 
hundred  miles  of  river  front  levees,  and  from  more  than  five 
hundred  additional  miles  required;  from  the  millions  who  culti- 
vate in  their  rear,  or  stand  ready  to  enter  the  fertile  fields ;  from 
the  six  great  States  of  Louisiana,  Mississippi,  Arkansas,  Missouri, 
Tennessee,  and  Kentucky. 

The  response  should  be  loud  and  prompt  from  every  producer 
or  citizen  of  the  Mississippi  Valley  and  tributaries,  in  the  form  of 
substantial  aid  —  by  national  legislation,  or  otherwise  —  to  repair 
and  build  the  walls  of  the  channel  of  their  untold  commerce. 

For,  every  barrel  of  flour  or  apples  or  potatoes,  every  sack  of 
grain,  every  article  of  furniture,  every  plough,  wagon,  or  engine, 
that  travels  down  that  river  on  its  way  to  market,  sends  its  con- 
tinual wave  to  erode  the  Mississippi  banks  and  levees. 

The  cause  then  is  eminently  National;  and  to  this  great 
Nation  we  appeal,  with  confident  expectation  that  its  powerful 
arm,  now  released  from  all  duties  but  those  of  peace,  good-will, 
enlightenment,  and  civilization,  will  at  once  be  extended  to  the 
rescue  of  the  noblest  area  of  fertility  ever  redeemed  for  the  habi- 
tation of  man. 
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In  conclusion,  it  is  due  to  this  augnst  body  of  savants  to  state 
frankly  the  motive  'for  tendering,  for  their  perasal  and  approba^ 
tion,  a  paper  which  might  be  appropriately  addressed  to  the  Con- 
gress of  the  United  States. 

It  is  well  understood  by  men  of  knowledge  —  and  our  country 
abounds  with  them  —  that  the  leaders  of  the  advancing  civiliza- 
tion of  this  age  are  found  rather  in  the  arenas  of  science  than  of 
politics. 

I  therefore  appear  before  this  tribunal  for  its  sanction  and  appro- 
bation, from  considerations  of  science  and  truth  as  well  as  for 
reasons  of  justice  and  national  prosperity. 

Tendering,  then,  my  contribution,  with  becoming  diffidence, 
to  this  greatest  of  human  enterprises,  I  solicit  for  it  a  fair  and 
impartial  consideration  before  the  Association  and  its  august 
audience,  —  the  reading,  reflecting,  and  progressing  men  of  the 
enlightened  world. 


/ 
2,  The  Arctic  Regions.    Athosphebic  Theoby  or  an  Amelio- 
BATED  Climate  and  an  Open  Sea,  in  the  Abctic  Regions, 
IN  Opposition  to  the  Gulf  Stbeam  Theory.    By  William 
W,  Wheildon,  of  Boston,  Massachusetts. 

L    The  Gulf  Stbeam  Theoby. 

Geogbaphically  the  Arctic  Regions  are  yet,  as  they  have 
been  for  the  last  three  hundred  years,  an  object  of  great  interest 
to  the  whole  civilized  world ;  and  every  thing  relating  to  them,  as 
an  undeveloped  and  mysterious  region,  is  sure  to  attract  the  public 
attention.  All  the  resources  of  cojinmerce  and  navigation,  all  the 
accomplishments  of  science,  all  the  means  at  command  of  govern- 
ments, and  the  very  highest  human  powers,  have  been  engaged  in 
numerous  efforts  at  exploration  and  discovery ;  and  great  results 
in  science  and  geography  have  been  their  reward.  Still  the  end 
and  objects  in  view,  in  behalf  of  science,  natural  history,  and 
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arphieology,  to  say  nothing  of  the  interests  of  commerce,  have 
not  been  reached :  an  immense  region,  fnll  of  life  and  interest, 
remains  undeveloped  and  unknown.  It  is  true  that  the  continent 
of  America,  by  the  overlapping  in  the  longitude  of  navigators,  has 
been  practically  circumnavigated,  and  this  has  been  accomplished 
through  the  great  inside  channels  of  the  American  Archipelago ; 
but  not  so  with  the  eastern  continent,  with  Spitzbergen  or  Green- 
land.  In  the  efforts  that  have  been  made  to  accomplish  the  com- 
plete exploration  of  these  regions ;  in  the  attendant  and  contingent 
circumstances,  sad  and  sorrowful  as  some  of  these  iiave  proved ; 
in  the  known  or  supposed  nature  and  character  of  the  country,  its 
deprivations  and  dangers,  its  teeming  life  and  terrific  natural 
phenomena — all  of  which  contribute  so  largely  to  the  desire  to 
know  more  —  to  know  all  —  is  to  be  found  that  universal  interest 
in  the  subject  still  manifested  and  still  prosecuted  by  the  most 
enlightened  nations. 

There  are  at  the  present  time  a  number  of  expeditions,  more  or 
less  efficient  and  complete,  of  public  and  private  character,  en- 
gaged, or  soon  to  be  engaged,  in  the  exploration  of  the  known 
and  unknown  regions  around  the  north  pole.  Embracing,  as  these 
regions  do,  some  five  or  six  thousand  millions  of  square  miles  of 
the  earth's  surface,  including,  it  is  supposed,  an  ocean  of  more 
than  two  thousand  miles  in  diameter,  it  seems  to  be  almost  im- 
possible that  they  should  not  make  some  important  discoveries. 
Our  interest  as  a  nation  in  this  subject  is  sensibly  increased  by 
the  fact  that  a  very  large  portion  of  what  is  now  our  national 
territory  bounds  upon  the  Arctic  Ocean,  and  many  points  of  his- 
torical interest  in  past  efforts  of  exploration  are  within  our  ex-  ' 
tended  boundaries.  Possibly,  and  excepting  for  such  legal  inter- 
pretation as  may  result  from  the  recognized  international  law  of 
jurisdisdiction,  our  present  boundary  may  reach  to  the  north 
pole. 

We  had  the  privilege  at  the  Meeting  of  the  American  Associ- 
ation for  the  Advancement  of  Science,  at  Newport,  in  1860,  of 
reading  a  short  paper  on  the  "  Open  Polar  Sea,**  believed  to  exist 
in  the  vicinity  of  the  theoretic  pole.  In  this  paper  an  attempt 
was  made  (1)  to  discredit  the  theory  of  the  influence  of  the 
waters  of  the  Gulf  Stream  in  conveying,  to  the  extent  claimed  if 
to  any  extent,  the  heat  of  the  equatorial  regions  into  the  Polar 
Sea  and  the  known  phenomena  which  occur  within  the  Arctic 
circle ;  and  (2)  to  propose  a  theory  believed  to  be  more  in  ooa- 
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formity  with  attained  results  and  admitted  soientifio  principles  ajid 
conclusions,  than  that  already  before  the  public.  Perhaps  it  is  true, 
however,  that  at  the  time  referred  to,  when  Lieutenant  Maury, 
of  the  United  States  Navy,  held  an  important  sdentific  position 
under  the  government^  and  urged,  mainly  on  assumed  hypotheses, 
the  influence  of  the  waters  of  the  Gulf  Stream,  no  complete  or 
adequate  theory  was  intended  to  be  set  up;  but  it  certainly  is 
true  that  statements  were  hazarded  and  assertions  made*- since 
repeated  and  enlaiged-— not  merely  as  if  the  Gulf  Stream  theory 
was  one  presented  for  consideration,  but  rather  as  if  it  had  been 
fidly  established  and  received.  These  assertions,  however  author- 
ised or  seemingly  authorized  by  &cts,  or  sustained  by  arguments, 
went  to  show  that  the  warm  waters  of  the  Gulf  Stream  reached 
the  Polar  Basin  through  Smith's  Sound  and  the  Spitzbei^n  Sea, 
in  both  cases  as  an  under-ourrent,  beneath  the  cold  water,  and  that, 
with  a  temperature  &r  above  that  due  to«  the  latitude,  it  kept  an 
open  sea  in  the  vicinity  of  the  pole,  and  accounted  for  the  various 
phenomena  already  referred  to.  These  were  the  pretensions  of 
the  theory  set  forth  by  its  advocates  as  though  absolutely  estab- 
lished, and  spoken  of  as  though  universally  admitted. 

It  is  our  purpose  to  show  in  this  paper  (1)  that  this  theory  of 
the  Gulf  Stream  —  and  a  similar  one  applied  to  the  Kuro*Siow, 
or  J24>anese  Current — is  not  sustained  by  such  &cts  as  we  know, 
such  evidence  as  is  furnished  by  explorations,  or  such  arguments 
upon  assumed  hypotheses  as  have  been  offered  in  its  support; 
that  if  any  of  its  waters  do  reach  the  Polar  Basin  they  do  not 
convey  warmth  or  heat  sufficient  to  keep  an  open  sea  in  the  vicinity 
of  the  pole,  produce  an  ameliorated  climate,  or  account  for  the 
varied  phenomena  of  the  Arctic  Regions;  and  (2)  that  the  atmoa- 
phere,  by  its  well-known  and  admitted  system  of  circulation,  carry- 
ing heat  and  moisture  from  the  equatorial  regions  to  the  poles  of 
the  earth,  is  adequate  to  the  accomplishment  of  the  objects  indi- 
cated and  is  able  to  account  for  and  explain  the  known  meteoro- 
l<^cal  phen<Hnena  of  the  Arctic  Begions. 

There  can  be  no  doubt  of  the  circulation  of  the  air  generally  as 
described,  or  of  the  circulation  of  the  waters  of  the  ocean ;  but  it 
does  not  follow  that  the  circulation  of  either  can  establish  any 
rule  or  system  for  the  other,  and  the  fiict  referred  to  by  Captain 
Bent,  after  Lieutenant  Maury,  that  blood  circulates  in  organic  life 
or  the  air  over  and  around  ike  earth,  prpves  nothing  in  regard  to 
the  circulation  of  the  waters  of  the  ocean»    Each  may  have,  and 
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doubtless  does  have,  its  partiyilar  system,  as  each  has  its  particnlar 
laws,  all  subject  to  certain  general  laws,  such  as  gravitation  and 
the  diurnal  motion  of  the  earth.  So  that,  although  the  heated 
air  of  the  tropics  may  reach  the  Polar  Circle,  it  does  not  follow 
that  the  warm  waters  of  the  Gulf  Stream  do  so,  as  the  advocates 
of  that  theory  seem  to  suppose.  If  we  may  reason  from  the  moye- 
ments  of  the  waters  of  the  ocean  to  the  moTements  of  the  atmos- 
phere, we  may,  with  the  same  propriety  and  the  same  force,  reason 
from  the  movements  of  the  atmosphere  to  the  movements  of 
the  waters,  —  so  that,  however  this  argument  may  illustrate  the 
subject,  it  does  not  authorize  any  conclusion  beyond  the  fact 
of  circulation,  and  here  the  assumed  argument  of  analogy  ter- 
minates. 

It  is  essential  to  our  purpose  to  ascertain  what  we  know  of  the 
Gulf  Stream  and  the  movements  of  its  waters.  Our  most  reliable 
knowledge  of  this  stream,  and  nearly  all  that  we  know  of  it,  is 
that  obtained  from  the  explorations,  observations,  and  experiments 
carried  on  under  the  direction  of  the  United  States  Coast  Survey, 
and  detailed  in  the  thirteenth  volume  of  the  ^Proceedings'^  of  this 
Association.  This  information,  of  course,  is  more  or  less  familiar 
to  every  scientific  reader.  The  limits  of  these  explorations,  it  is 
well  known,  are  such  as  to  leave  the  course  of  the  Gulf  Stream 
beyond  longitude  40^  west,  at  the  farthest,  wholly  undetermined, 
so  that  its  course,  as  a  current,  beyond  that  point  remains  uncer- 
tain and  conjectural.  Almost  immediately  after  leaving  the 
Straits  of 'Florida,  where  the  stream  is  only  about  forty  miles 
viride,  it  bends  to  the  eastward,  between  latitude  30^  and  latitude 
40^  increasing  in  width,  so  that  on  a  line  perpendicular  to  the 
latitude  it  is  not  less  than  five  or  six  hundred  miles  wide.  We 
may  add  that  the  statements  of  Dr.  Bache,  in  the  paper  referred 
to,  are  confirmed  by  other  authorities  on  the  subject.  Mr.  Blunt 
expresses  his  belief  that  the  Gulf  Stream  has  no  existence  beyond 
the  Western  Islands,  and  that,  as  a  current^  it  loses  all  its  equa- 
torial heat  to  the  eastward  of  longitude  40^^.  Beyond  this  pointy 
it  is  stated,  the  course  of  the  stream  has  been  partially  ascertained 
by  the  drift  of  floating  bottles,  and  also  its  presence  has  been 
traced  much  farther  to  the  north  by  the  warmth  of  the  sur&ce 
water,  and  its  influence  is  felt  in  the  climate  of  the  north  of 
Europe. 

Lieutenant  Maury,  however,  goes  far  beyond  any  explorations 
of  the  Coast  Survey  in  regard  to  the  Gulf  Stream.     Speaking 
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of  the  stream,  << as  far  as  the  banks  of  Newfoundland"  (latitude 
46^  34'  to  51^  40'),  he  describes  it  as  foUows  ;— 

Afler  having  run  three  thousand  miles  toward  the  north  [  P  ]  it  still  pre- 
serves, even  in  winter,  the  heat  of  summer.  With  this  temperature  it 
crosses  the  40^  of  north  latitude,  [then  its  course  must  have  been  south 
from  Newfoundland,]  and  there  [  ?  ]  overflowing  its  liquid  banks,  it  spreads 
out  for  thousands  of  square  leagues  ov«r  the  cold  waters  around,  and  covers 
the  ocean  with  a  mantle  of  warmth  that  serves  so  much  to  mitigate  in 
Europe  the  rigors  of  winter. 

Here  some  authorities  consider  that  the  Gulf  Stream  ends. 
They  describe  it  as  "  running  in  a  north-east  direction  to  about 
latitude  36°  north  (ten  degrees  south  of  NcMrfoundland),  when 
it  crosses  the  Atlantic,  passes  west  of  the  Azores,  and  is  lost  in 
the  ocean."  But  Lieutenant  Maury,  gathering  it  together  again, 
proceeds  in  his  description  as  follows :  — 

Moving  now  more  slowly,  but  dispensing  its  genial  influences  more  freely, 
it  finally  meets  the  British  Islands.  By  these  it  is  divided,  one  part  going 
into  the  Polar  Basin  of  Spitzbergen,  the  other  entering  the  Bay  of  Biscay, 
but  each  with  a  warmth  considerably  above  ocean  temperature.  Such  an 
immense  volume  of  heated  water  cannot  fail  to  carry  wilii  it  beyond  the  seas 
a  mild  and  moist  atmosphere.  And  this  it  is  which  so  much  softens  climate 
there. 

Lieutenant  Maury  also  speaks  of '^an  under-current  setting  from 
the  Atlantic,  through  Davis's  Straits,  into  the  Arctic  Ocean,"  as 
from  the  Gulf  Stream,  and  also  informs  Lieutenant  De  Haven  that 
"  Wrangell's  Polynia,  to  the  north  of  Siberia,  if  it  exist,  probably 
owes  its  freedom  from  ice  to  the  warm  waters  of  the  Gulf  Stream, 
which  run  between  Spitsbergen  and  the  North  Cape,  into  the 
Arctic  Ocean." 

This  theory — if  it  be  such  —  so  absurd  and  inconsistent  that  it 
is  difl&cult  to  speak  of  it,  seems  really  to  have  been  received  and 
adopted  by  others,  and,  perhaps  we  may  Bay,  not  examined  by 
any  one.  Dr.  Hayes,  in  the  revised  report  of  his  lecture  before 
the  Smithsonian  Institution,  says,  ^'  The  lecturer  followed  Lieuten- 
ant Maury  in  suggesting  that  this  water  receives  its  heat  from  the 
tropics,  and  as  a  deep  sea  current  flows  north\^ard  into  the  Arctic 
Basin.''  The  theory  has  also  recently  been  enlarged  by  Captain  Silas 
Bent,  of  St.  Louis,  formerly  an  assistant  under  Lieutenant  Maury, 
and  has  been  applied  by  him  to  the  Kuro-Siow,  or  Japanese  Current. 
He  thinks  that  these  currents,  prolonged  to  the  pole,  discharge  their 
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heat,  and  << produce  an  open  sea;**  and  that  they  constitate  the 
only  practicable  aventiee  by  which  ships  can  reach  it  or  the  pole. 

These  several  statements  as  to  the  coarse  and  influence  of  the 
Gulf  Stream  are  conjectural  and  contradictory;  and  not  long  after 
some  of  them  were  made,  in  the  interest  of  the  proposed  expe- 
dition of  1859-^,  Dr.  BachCi  at  the  close  of  his  lecture  on  the 
Golf  Stream  before  this  Association,  at  Newport,  declared  that 
'^the  after-progress  of  this  mighty  Stream,  and  of  its  branches,  if 
it  does  divide,  remains  yet  to  be  traced^  and  so  also  its  heading 
in  the  Gulf  of  Mexico."  ♦ 

It  is  not  impossible  that  the  warm  waters  of  the  Gulf  Stream 
may  reach  the  coast  of  Norway, — most  likely  not  as  a  current,  — 
and  enter  the  Arctic  Circle,  and  peradventure  ^^  assault  the  ice- 
girdle  that  surrounds  the  Polar  Sea,"  as  Captain  Bent  supposes; 
but  the  supposition  is  by  no  means  clearly  established.  Leaving 
the  southern  branch  (if^  as  Dr.  Bache  says,  "it  does  divide")  to 
form  the  Sea  of  Sargasso,  if  that  has  any  existence,  or  rejoin  the 
equatorial  current,  the  important  question  in  this  discussion  is 
whether  the  waters  of  the  Gulf  Stream  enter  the  Polar  Basin, 
carrying  their  warmth  into  that  remote  sea,  some  three  thousand 
miles  distant  from  the  point  at  which  Lieutenant  Maury  says  ^  it 
spreads  out  for  thousands  of  square  leagues  over  the  cold  waters 
around."  To  do  this,  it  is  asserted,  two  ways  are  open  to  it :  one 
as  a  surface-current  through  the  great  ice-barrier,  forming  a  *^  gate- 
way "  into  the  Polar  Basin ;  and  the  other  as  an  under-current, 
beneath  the  ice-girdle,  coming  to  the  sur&ce  again,  giving  out  its 
heat  and  becoming  cold  water;  and  to  these  a  third  way  may  be 
added  by  following  around  Nova  Zembla  and  the  Asiatic  coast 
towards  Baron  Wrangell's  supposed  Polynia,  which  was  at  one 
tune  a  &vorite  theory.f 

It  is  not  too  much  to  say  that  each  of  these  ways  has  its  difficul- 
ties, to  say  nothing  here  of  the  coiyectural  and  contradictory 
statements  made  in  regard  to  them.  If  we  dismiss  the  third  prop- 
osition, —  which  has  little  or  no  evidence  to  support  it,  —  the 
other  two  stand  to  each  other  as  the  horns  of  a  dilemma:  they 
directly  contradict  each  other;  and  the  broader  the  ground  of 

*  ProoeedlngB,  toL  ziii.,  1861. 

t  "  WnuigeU's  Polynia,  to  the  north  of  Siberia,  if  it  exist,  probably  owee  its 
freedom  from  ioe  to  the  wann  waters  of  the  Oulf  Stream,  which  nm  between 
Spitsbergen  and  the  North  Cape  into  the  Arctic  Ocean." — Maxr^t  ImirudtUmt 
lo  lAtuUnaad  De  Haven. 
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argument  in  support  of  one,  the  broader  the  ground  of  objection 
to  the  other.  T^^ey  probably  might  be  safely  left  to  the  full  foroe 
of  the  faots,  if  there  are  any,  and  the  reasoning  of  their  respective 
adyocates,  whose  statements  we  have  quoted.  Lieutenant  Maury 
and  Dr.  Hayes  seem  finally  to  agree  in  support  of  the  under* 
ourrent  theory,  Captain  Bent  and  perhaps  Dr.  Peterman  to  up- 
hold the  surface-current  theory,  but  it  is  simply  impossible  to 
reconcile  their  statements  with  each  other* 

It  is  known  that  the  Gulf  Stream  becomes  so  diffused  and 
^  spread  out,"  and  so  lessened  in  its  velocity,  that  it  is  doubtful 
if  beyond  a  certain  limit,  long  before  any  of  its  waters  reach  the 
coast  of  Norway,  it  can  properly  be  called  a  current.  We  have 
already  quoted  Mr.  Blunt's  remark  on  this  subject.  He  does  not. 
believe  in  a  current  or  equatorial  heat  beyond  longitude  40^  west; 
and  thinks  the  set  of  the  sea  to  the  east  is  that  general  to  the 
North  Atlantic,  and  the  temperature  of  the  water  the  general 
temperature  of  those  regions.  Lieutenant  Maury  says  the  stream 
loses  50^  or  60^  of  temperature  before  it  reaches  the  firozen  regions: 
this  will  reduce  it  to  about  25^  (below  the  fireezing  pomt  of  salt 
water  I ),  and^  of  course  it  can  neither  go  through  the  ice  or  beneath 
it,  nor  maintain  Wrangell's  Poljmia.  In  the  American  Gydo- 
pesdia  it  is  said,  ^  When  the  Gulf  Stream  reaches  the  coasts  of 
France,  Spain,  and  Portugal,  so  expanded  and  so  diminished  is 
its  velocity,  that  we  must  resort  to  the  track  of  bottles  thrown 
into  the  ocean,  and  afterwards  picked  up,  to  ascertain  its  course.'' 
K  so  ascertained,  it  may  be  simply  the  drift  of  the  ocean,  and  not 
at  all  indicative  of  the  Gulf  Stream  as  a  current.  ^In  passing  to 
the  higher  latitudes  of  the  Arctic  Seas,"  says  Judge  Daley,  in  his 
annual  address  before  the  New  York  Geographical  Society,  1870, 
^  it  is  BO  reduced  and  weakened  that  Admiral  Irminger,  of  the 
Danish  Navy,  in  1853,  between  61°  and  68°  of  north  latitude,  and 
14°  18'  west  longitude,  found  that  it  ran  during  an  observation  of 
twenty  days  only  at  the  rate  of  three  and  one-tenth  nautical  miles 
per  day."  It  is  doubtful  if  a  drift  of  this  nature  should  be  called 
a  stream  or  current ;  and  the  distance  is  more  than  a  thousand 
miles  irom  the  ice-barrier,  under  which  the  stream  is  to  pass  or 
through  which  it  is  to  melt  its  way,  inUas  ihain  a  year  I 

Dr.  Kane,  believing  in  the  evidence  which  points  to  the  exist* 
ence  of  a  milder  climate  and  an  open  sea  near  the  pole,  is  not 
disposed  ^  to  express  an  opinion  as  to  the  influence  which  ocean 
currents  may  exert  on  the  temperature  of  these  far  northern 
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regions,"  bat  asks  ^whether  it  may  not  be  that  the  Gulf  Stream, 
traced  already  to  the  coast  of  Nova  Zembla^  is  deflected  by 
that  peninsula  into  the  space  aronnd  the  Pole?"  Perhaps  so,  if 
the  premises  were  so ;  but  Nova  Zembla  is  an  island,  and  as  no 
authority  is  known  for  the  statement  that  the  Oulf  Stream  has  ever 
been  traced  to  that  point,  it  seems  probable  that  Dr.  Kane  meant 
Norway,  which  is  a  peninsola.  Dr.  Boist,  howeyer,  makes  the 
suggestion  that  most  likely  from  the  coast  of  Norway,  if  the 
stream  really  reaches  that  coast,  it  turns  back  to  form  a  second 
great  whirlpool,  rejoining  the  original  stream  near  Newfoundland. 
In  this  case  it  would  probably  join  the  polar  current,  passing  along 
the  east  coast  of  Greenland,  around  Cape  Farewell,  up  the  west  coast 
of  Greenland  as  far  as  Gape  York,  and  thence  down  the  east 
coast  of  the  United  States  and  under  the  Gulf  Stream  throi]^ 
the  Straits  of  Florida,  —  supposing  it  to  be  known  that  there  is  a 
current  over  the  whole  of  this  route.  It  is  this  current  that  sup- 
plies the  natives  of  Greenland  with  drift>wood  for  fuel,  and  floats 
icebergs  to  the  north  as  reported. 

The  suggestion  of  Dr.  Buist  would  also  seem  to  conform  to  the 
movement  of  the  south  branch  of  the  Gulf  Stream,  as  probably 
also  to  that  of  the  Japanese  Current  in  the  North  Pacific  Ocean. 

An  argument  has  been  advanced  in  fistvor  of  the  Gulf  Stream 
theory  founded  upon  the  experiments  in  the  temperature  of  the 
water  at  the  surface  and  at  certain  depths  beneath  it,  made  by  Dr. 
Scoresby  and  others,  in  the  Spitzbergen  Sea.  Dr.  Scoresby's  ex- 
periments were  made  between  latitudes  78^  and  80^,  at  points 
varying  from  thirteen  to  761  fathoms,  and  indicate  a  gradual 
increase  of  temperature  approximating  the  point  of  the  greatest 
density  of  water,  €9^  5',  the  highest  point  reached  being  SS"*  at 
the  depth  of  761  fathoms,  that  being  six  degrees  warmer  than  at 
the  surface.  These  results  appear  to  be  confirmed  by  Captain 
Beechey's  account  of  Captain  Buchan^s  voyage  to  Spitzbergen,  in 
1818.  In  harbor  at  Magdalena  Bay,  in  June  and  July,  temper- 
ature at  the  surface  and  at  thirty  fathoms,  34^;  at  thirty-five 
fathoms,  34^  30';  at  ninety-one  fathoms,  36^;  at  335  fathoms, 
35^,  or  one  degree  warmer  than  at  the  sur&ce ;  at  700  fathoms, 
43^.  But  it  does  not  appear  that  these  observations  have  any 
relation  to  the  Gulf  Stream  on  the  north-west  of  Spitzbergen  or 
in  Magdalena  Bay.  Some  experiments  of  this  kind  were  tnade  by 
Commodore  Rodgers,  on  the  north-west  coast  of  America,  in  1855, 
in  latitude  72^.    He  found  at  twenty  fathoms  depth,  35^  5';  at 
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forty  fathoms,  40®  6'.  In  similar  experiments  by  the  Coast  Survey, 
stated  by  Dr.  Bache,  ninety  miles  from  Havana  the  following 
lesolts  were  obtained:  at  575  fietthoms,  35®;  525  fathoms,  40®; 
425  fathoms,  45®  ;  300  fathoms,  50® ;  fifty  fathoms,  75®.  Off  Cape 
Florida,  1200  fathoms,  38®.  We  do  not  see  that  any  thing  is 
proved  or  indicated. 

Dr.  Bnist,  after  remarking,  "  So  soon  as  water  is  cooled  down  to 
40®,  it  sinks  to  the  bottom,"  says:  "  A  striking  fact  has  just  been 
brought  to  light :  there  is  a  line  extending  from  pole  to  pole,  at 
or  xmder  the  sur&ce  of  the  ocean,  where  an  invariable  temperature 
of  39®  5'  is  maintained."  The  depth  of  this  varies  with  the  lati- 
tude :  at  the  equator  it  is  7200  feet  or  1200  fathoms.  At  latitude 
56®  it  ascends  to  the  surface,  the  temperature  of  the  sea  being 
here  uniform  throughout.  North  and  south  of  this,  the  cold  water 
is  uppermost;  and  at  latitude  70®  the  line  of  uniform  temperature 
descends  to  4500  feet  or  750  fathoms.  This  statement  is  very 
suggestive,  but  needs  further  investigation. 

We  repeat  that  the  evidence  that  the  Gulf  Stream  does  any 
thing  more  than  "run  towards  the  Spitzbergen  Sea,"  covering 
the  Atlantic  Ocean  "  with  a  mantle  of  warmth  that  serves  so  much 
to  mitigate  in  Europe  the  rigors  of  winter,"  as  Lieutenant  Maury 
says,  is  wanting ;  and  that,  if  it  is  admitted  that  it  strikes  the 
coast  of  Norway,  either  above  or  below  the  Arctic  Circle,  that  it 
most  likely  turns  and  joins  what  in  fact  is  an  outward  current 
from  the  Arctic  Basin.  But  suppose  it  reaches  the  coast  of  Nor- 
way, with  its  temperature  reduced  fifty  or  sixty  degrees,  and.  has 
then  to  pass  round  Nova  Zembla  and  along  the  coast  of  Siberia 
in  order  to  find  Baron  WrangelPs  Polynia,  more  than  a  hundred 
miles  outside  of  the  coast  ice;  or  to  pass  through  the  great  ice- 
belt,  or,  what  will  be  found  quite  as  difficult,  beneath  several 
hundred  miles  of  ice;  how  much  above  29®  will  be  its  temperature 
when  it  reaches  the  vicinity  of  the  pole  or  the  open  sea  ?  It  seems 
to  us  that  there  is  no  possibility  for  the  waters  of  the  Gulf  Stream, 
as  such,  to  enter  the  Polar  Basin.  But  notwithstanding,  if  it 
should  be  allowed  that  these  waters  do  reach  the  ice-belt  and  keep 
an  open  channel  through  it,  or  after  passing  beneath  the  ice  have 
sufficient  heat  to  keep  an  open  sea  around  the  pole, — improbable, 
if  not  impossible,  as  these  admissions  are, — they  utterly  fail  in 
this  case  to  afford  any  explanation  of  the  warm  winds  and  the 
great  problems  in  the  varied  phenomena  of  the  Arctic  Regions,  and 
their  explanation  must  be  sought  for  in  some  other  direction. 
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Biit»  after  all  the  diflOOBrion  and  controTera7  on  this  sabject»  it 
9eems  quite  possible,  to  say  the  least  of  it,  that  an  open  sea  around 
the  pole  may  exist  without  any  aid  from  the  Gulf  Stream.  Pn>< 
feasor  Agassiz  said  at  Boston,  in  1860,  that  **  every  thing  seemed 
to  indicate  the  existence  of  an  open  Polar  Sea ;  if  there  is  no  land 
there,  it  is  not  probable  that  there  is  much  ice.''  The  words  are 
full  of  meaning ;  and  at  the  same  time  he  remarked, "  The  existence 
of  land  in  that  quarter  is  counter-indicated,"  Dr.  Hayes  subse- 
quently admitted,  while  relying  upon  the  Oulf  Stream  waters  to 
keep  an  open  sea  and  support  his  general  theory,  that "  it  is  not 
too  much  to  say  that  so  large  a  sur&ce  of  water  as  the  Arctic 
Ocean  cannot  be  fit>zen  oyer  even  during  the  winter.  ,  •  .  All 
experience  shows  that  it  is  only  near  the  land  that  we  find  the 
Arctic  waters  completely  dosed."  Dr.  Rink,  we  believe^  does 
n6t  absolutely  deny  the  existence  of  an  open  sea,  which  finds 
advocates  among  so  many  of  the  most  eminent  English  exploreis. 
His  language  expresses  doubts  of  an  open  sea,  ^  assumed  to  be 
kept  open  by  a  branch  of  the  Oulf  Stream,  from  Nova  Zembla 
down  Smith's  Sound  to  Baffin's  Bay ;"  but  he  probably  will  not 
deny  that  an  open  sea  may  exist  without  the  assumption  of  sucfa 
an  influence  in  a  space  of  waters  ^one-fifth  greater  than  the 
Atlantic  between  Newfoundland  and  the  Irish  coast."* 

So  that,  so  fiir  as  an  open  sea  is  concerned,  there  is  no  absolute 
need  of  the  waters  of  the  Gulf  Stream;  and  this  long-questioned 
and  disputed  matter  of  an  open  sea,  kept  open  by  the  influence  of 
the  Gulf  Stream,  appears  to  be  settled  or  dissipated;  and  the  aigu- 
ment,  with  those  who  still  object  to  the  open  sea,  must  be,  if  con- 
tinued, to  show  that  an  immense  ocean —the  most  boisterous  and 
turbulent  on  the  globe -« may  be  completely  closed  with  ice  of 
indefinite  thickness;  a  matter  which  we  tUnk  will  not  be  at- 
tempted even  in  view  of  the  long  Arctic  winter.  It  would  seem 
from  what  has  been  said  that  the  existence  of  an  open  sea,  as  an 
established  fact,  might  be  safely  accepted^  with  of  without  atmos- 
pheric influence. 

There  is  another  influence  generally  attributed  to  the  Gulf 
Stream,  and  of  course  intimately  connected  with  this  subject, 
of  which  we  may  very  properly  say  a  few  words  in  this  oonneo- 
tion :  it  is  the  supposed  direct  influence  of  the  stream  up<m  the 
climate  of  Europe  in  high  northern  latitudes.     Dr.  Carpenter, 

*  Hon.  Edward  Brevstt,  at  Boston,  IdM. 
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who  is  nndoubtedly  qualified  to  give  an  opinion  on  this  subject, 
while  allowing  that  the  waters  of  the  Gulf  Stream  flow  towards 
the  Arctic  Regions  in  the  direction  of  the  Spitzbergen  Sea,  does 
not  believe  that  they  are  an  adequate  cause  of  the  well-known 
high  temperature  which  prevails  in  the  northern  latitudes  of 
Europe,  —  then,  of  course,  not  of  the  phenomena  of  the  Arctic 
Regions, — but  would  probably  accept  the  conclusions  of  Pro- 
fessor Agassiz,  ^  that  the  temperature  of  the  Gulf  Stream,  in  con- 
nection with  the  temperature  of  the  south-west  winds  blowing 
obliquely  across  the  Atlantic,  modifies  that  of  the  western  coast  of 
Europe,"  Ac*  There  is  no  doubt  that  the  Gulf  Stream  modifies 
the  temperature  of  the  Atlantic  Ocean,  and  warms  the  winds  that 
blow  over  it;  but  Professor  J.  MuUer  finds  "a  second  cause  to 
which  Europe  owes  its  relatively  warm  climate  in  this, — that  in  the 
equatorial  regions  it  is  bounded  towards  the  south,  not  by  a  s^a, 
but  by  an  extensive  continent,  Afnca,  whose  vast  extent  of  desert 
and  sand  renders  it  extremely  hot  where  exposed  to  the  vertical 
solar  rays.  A  warm  current  of  air  rises  continually  from  the 
glowing  hot  sandy  wastes  to  descend  again  in  Europe  "  t  [or  far- 
ther to  the  north]. 

Chiamisso,  the  naturalist,  who  accompanied  Kotzebue  in'  his 
expedition  in  1815-18,  develops  his  views  by  remarking  that 
"  when  we  extend  our  eyes  over  the  globe  it  appears  to  us  that 
the  twofold  current  of  the  atmosphere  from  the  equator  to  the 
poles,  in  its  upper  regions,  and  from  the  poles  to  the  equator  in 
the  lower,  must  bring  over  Europe  from  the  interior  of  Africa, 
which  is  scorched  by  the  sun,  a  current  of  air  far  more  heated  in 
proportion  than  over  any  other  country  in  the  world."  He  con- 
siders the  continent  lying  to  the  south  and  south-west  of  Europe, 
between  the  line  and  the  northern  tropic,  as  a  furnace  which  heats 
the  air  that  passes  over  it  and  determines  its  climate;  and,  in 
general,  he  thinks  that  continents  lying  between  the  equator  and 
the  tropics  must  give  to  the  more  eastern  parts  of  the  world 
towards  the  pole  a  warmer  climate  than  other  parts  enjoy,  though 
under  the  influence  of  seas  similarly  placed. 

Thus,  to  account  for  the  modified  temperature  of  North- Western 
Europe  and  North- Western  America,  we  have  not  alone  the  warm 
waters  of  the  Gulf  Stream  and  the  Kuro-Siow,  but  the  warm  south 

♦  Report  on  the  Florida  Reefs,  Coaat  Survey,  1861. 
t  PrincipleB  of  Physics  and  Meteorology,  p.  615. 
A.  A.  A.  8.   VOL.  ZXI.  16 
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and  south-west  oceanic  winds,  and  the  influence  of  the  heated  air 
of  the  equatorial  re^ons  blowing  over  them. 

In  view  of  what  has  been  said  we  make  the  following  con- 
clusions :  — 

1.  That  the  course  of  the  Gulf  Stream  beyond  the  point  indi- 
cated, about  longitude  70^  west,  is  unknown  and  uncertain. 

2.  That  if  it  reaches  the  Spitzbergen  Sea,  it  is  much  weakened 
as  a  current  and  too  much  reduced  in  temperature  to  have  any 
appreciable  effect  either  upon  the  air  or  the  water. 

8.  That  if  it  touches  the  coast  of  Norway  between  latitudes  58^ 
and  71^,  or  Nova  Zembla  between  71^  and  76^,  it  turns  back  and 
joins  the  polar  current  or  is  lost. 

4.  That  it  does  not  enter  the  open  sea  around  the  pole;  or  if 
any  of  its  waters  do  so,  either  through  the  ice-belt  or  beneath  it, 
they  are  not  of  a  temperature  sufficient  tQ  keep  an  open  sea  or 
account  for  the  meteorological  phenomena  of  the  region. 

Note. — The  most  recent  advices  from  the  Spitzbergen  Sea, 
communicated  to  the  public  by^  Dr.  Peterman,  make  it  quite  clear 
that  the  space  between  Spitzbergen  and  Nova  Zembla  is  the  great 
outlet  of  the  Polar  Ocean.  **  In  July  and  August,  of  this  summer  " 
(1872),  he  writes,  ^  the  ice-current  held  a  more  easterly  course 
towards  Nova  Zembla,  and  left  the  western  half  of  the  sea  fi^ee 
from  ice.** 


n.   Thb  Atmospheric  Theobt. 

The  second  branch  of  our  subject  is  contained  in  the  propo- 
sition that  the  atmosphere,  by  means  of  the  well-known  system 
of  circulation  from  the  equatorial  regions  to  the  poles  of  the 
earth,  conveying  heat  and  moisture,  has  the  effect  to  ameliorate 
the  rigors  of  the  climate  in  their  vicinity;  and  specially  in 
regard  to  the  Arctic  Regions,  maintains  an  open  sea  in  the 
Polar  Basin,  and  produces  and  explains  on  scientific  principles 
the  varied  phenomena  constantly  observed  in  those  high  lati- 
tudes. 

Tfie  System  of  Circulation. 

The  system  of  circulation  is  stated  by  Dr.  Buist  as  follows : — 
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As  the  constant  exposure  of  the  equatorial  regions  of  the  earth  to  the 
8un  mast  necessarily  engender  a  vast  amount  of  beat,  and  as  his  absence 
from  the  Polar  Regions  must  in  like  manner  promote  an  infinite  accumula- 
tion of  cold,  to  fit  the  entire  earth  for  a  habitation  to  similar  races  of  beings 
a  constant  interchange  and  communion  betwixt  the  heat  of  the  one  and  the 
cold  of  the  other  must  be  carried  on.  The  air,  heated  near  the  equator  hj 
the  oyerpowering  influences  of  the  sun,  is  expanded  and  lightened :  it  as- 
cends into  upper  space,  leaving  a  partial  vacuum  at  the  surface  to  be  sup- 
plied from  the  regions  adjoining.  Two  currents  from  the  poles  towards  the 
equator  are  thus  established  at  the  surface ;  mhile  the  sublimated  air,  diffusing 
Itself  by  its  mobility,  flows  in  the  upper  regions  of  space  from  the  equator 
towards  the  poles.  Two  vast  whirlpools  are  thus  established,  constantly 
carrying  away  the  heat  from  the  torrid  towards  the  icy  regions,  and  thus 
becoming  cold  by  contact  with  the  ice  carry  back  their  gelid  freight  to 
refresh  the  torrid  zone. 

It  mast  not  be  understood,  we  think,  that  the  rising  of  the 
heated  air  from  the  surface  of  the  earth  is  confined  to  the  equa^ 
toiial  regions,  fhe  same  thing  takes  place,  no  doubt,  indefinitely 
north  and  south  of  the  equatorial  space ;  and  in  fact,  wherever  the 
air  in  contact  with  the  suiface  of  the  earth  becomes  heated,  it 
rises  in  the  atmosphere,  producing  cloud,  rain,  &c.,  under  favoring 
conditions,  according  to  the  theory  of  Professor  Espy,  —  rising  of 
course  to  lesser  heights  than  the  warmer  air  of  the  torrid  zone. 
A  paper  in  the  American  Cyclopaedia  also  indorses  ^the  gen- 
eral higher  current  all  the  way  from  the  equator  to  either  pole." 
Sir  John  Richardson  says,  "  Aerial  and  marine  currents  operate 
in  both  [Arctic  and  Antarctic  Regions]  in  modifying  the  cli- 
mate." Dr.  Franklin,  when  speaking  of  the  presence  of  elec- 
tricity in  the  Polar  Regions,  says  it  is  brought  **  by  the  clouds  . 
which  are  condensed  there  and  fall  in  snow."  Mr.  Bradley,  of 
Jersey  City,  in  the  nineteenth  volume  of  the  "  Proceedings "  of 
this  Association,  says,  '^In  the  tropical  regions  where  evapora- 
tion is  most  abundant,  there  is  an  upward  current  which  carries 
the  vapor  to  a  great  height,  and  then  setting  out  both  north 
and  south  constitutes  tropical  currents,  which  descend  in  pro- 
portion as  they  reach  the  higher  latitudes.  On  reaching  a  region 
sufllciently  cold,  precipitation  of  snow  or  ice  in  some  other  form 
[?]  takes  place,"  Ac.  Lieutenant  Maury  declares  that  «*atr  and 
water  are  the  great  agents  of  the  sun  in  distributing  his  heat 
over  the  surface  of  tho  globe,  oooliqg  this  climate  and  temper- 
ing that." 

It  is  not  strange,  perhaps,  that  we  should  sometimes  mistake 
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the  services  of  one  for  that  of  the  other ;  but  in  reference  to  the 
phenomena  of  the  Arctic  Reo^ions  the  error  we  charge  is  that  the 
agency  of  the  air  has  been  almost  altogether  overlooked,  when,  as 
we  think,  the  evidence  shows  that  it  is  the  chief  agency  employed 
in  modifying  the  rigors  of  the  Arctic  climate. 

Without  extending  authorities  on  this  branch  of  the  subject, — 
the  circulation  of  the  air,  —  we  may  append  to  the  statements 
already  made  a  brief  extract  from  one  of  Professor  Ennis's  papers 
on  latent  heat,  in  the  last  volume  of  the  **  Proceedings "  of  this 
Association :  — 

When  the  heated  air  at  the  eqaator  rises  up,  it  ascendB  to  the  top  of  the 
atmosphere,  according  to  the  generally  received  doctrine,  and  rapidly  passes 
to  higher  latitudes,  when  it  falls  and  returns  to  the  equator.  But,  when  at 
the  top  of  the  atmosphere,  its  temperature  must  be  lowered  to  correspond 
with  all  Mardh^s  figures  of  latent  heat ;  and  when  the  same  air  descends  to 
the  earth's  surface  in  higher  latitudes,  its  latent  heat  raises  the  extremely 
low  temperature  antil  the  amount  of  sensible  heat  is  the  same  again  as  it 
was  at  the  equator,  minas  what  was  lost  by  radtadon  into  interstellar 
space. 

In  view  of  this  circulation  of  the  atmosphere,  as  stated  by  dif- 
ferent authorities,  it  would  appear  that  the  air  of  the  equatorial 
regions,  rising  to  the  upper  regions  of  the  atmosphere,  follows, 
with  more  or  less  variation  by  reason  of  the  diurnal  motion  of 
the  earth,  the  lines  of  longitude,  converging  at  the  poles  with 
varying  temperature,  varying  proportions  of  moisture,  and  conse- 
quently with  varying  force.  The  effects  and  consequences  of  this 
intermingling  must  be  manifested  in  the  formation  of  clouds ;  in 
violent  and  contending  winds ;  in  frequent  calms  and  almost  con- 
stant fogs ;  in  the  falling  of  snow  and  rain  in  large  quantities,  and 
evolving  large  amounts  of  latent  heat ;  and  in  various  other  phe- 
nomena, such  as  mirage,  mock  suns,  sudden  changes  of  wind  and 
temperature,  <Jkc. 

Warm  Northerly  Winds, 

One  of  the  most  common  and  remarkable  of  the  Arctic  phenom- 
ena is  that  of  the  warm  winds  generally  from  the  north,  which 
have  hitheito  confounded  both  observers  and  theorists ;  and  so  far 
it  is  believed,  excepting  in  the  paper  presented  at  Newport,  in 
1860,  remained  unexplained  and  unaccounted  for.  Sir  Edward 
Parry  found  at  Melville  Island,  Winter  Harbor,  that  the  north 
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winds  were  often  warm.  The  same-  fact  was  noted  by  Dr.  Kane, 
at  Van  Rensellaer  Harbor,  where  the  summer  winds  from  the 
north  often  brought  warm  and  foggy  weather.  "  The  direction  of 
the  warmer  winds  points  towards  Spitzbergen  Sea  [across  Green- 
land] and  the  relative  colder  winds  come  in  a  direction  from  the 
northernmost  part  of  continental  America."  Mr.  Schott  says, 
"The  direction  points  across  Washington  Land  and  Kennedy 
Channel ; "  and  he  adds,  from  the  records  of  Dr.  Kane,  "  It  was 
found  that  winds  generally  tend  to  elevate  and  calms  depress 
the  temperature."  Dr.  Hooker  (Transactions  Linnaean  Society, 
1860)  says,  "  It  is  a  well-known  fact  that  the  temperature  always 
rises  rapidly  with  the  north  (as  well  as  other)  winds  over  all  the 
Arctic  American  area."  Captain  Belcher  says,  "  Of  gales  I  take 
no  special  notice,  but  here  they  invariably  accompany  any  undue 
rise  of  the  temperature,"  —  rather  perhaps  produce  it.  At  Una- 
lachlect,  Norton  Sound,  Alaska,  Mr.  F.  Whymper  says,  "  During 
a  portion  of  the  time  passed  at  this  place,  we  had  extremely  bad 
weather,  with  strong  north  and  north-east  winds.  The  thermom- 
eter invariably  rose  during  the  prevalence  of  wind :  it  stood  at 
points  ranging  between  -f-  7*^  and  -|-  32^  during  our^  stay."  Dr. 
Kane  says,  "  That  strange  phenomenon,  the  warm  south  and 
south-east  [north  and  north-east]  winds,  which  came  upon  us 
in  January,  did  not  pass  away  till  the  middle  of  this  month 
[February].  T?iere  is  much  to  be  studied  in  these  atmospheric 
(^hanges^ 

It  is  not  necessary  to  multiply  these  authorities:  the  fact  of 
warm  ntfrth  winds  around  the  whole  Arctic  Circle,  in  Siberia  as 
well  as  Greenland,  is  well  known ;  and,  whatever  the  conditions 
or  circumstances,  are  wholly  inexplicable  on  the  Gulf  Stream 
theory. 

It  seems  to  have  been  supposed,  and  the  assumption  is  still  sup- 
ported by  the  advocates  of  the  Gulf  Stream  -theory,  that  if  an 
open  sea  can  be  established  in  the  manner  suggested  by  them,  — 
or  open  water,  as  its  equivalent,  —  all  the  phenomena  of  the 
Arctic  Regions  may  be  explained  by  that  fact ;  but  it  will  prob- 
ably appear  that  this  is  a  great  mistake.  Open  water,  which 
has  been  seen  by  explorers  in  all  parts  of  the  Arctic  Regions,  in 
many  cases  remote  from  any  possible  influence  of  the  Gulf  Stream, 
proves  absolutely  nothing  beyond  its  own  existence,  which  re- 
mains to  be  accounted  for.  Dr.  Kane,  however,  ignores  the  argu- 
ment by  remarking  that,  to  refer  the  phenomena  to  the  presence 
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of  open  water,  only  changes  the  question ;  and  the  inqoiiy  most 
be,  "What  is  the  cause  of  the  open  water?"  Dr.  Hayes,  who 
has  uniformly  advocated  the  Gulf  Stream  theory  and  followed  the 
lead  of  Lieutenant  Maury,  has  heretofore  relied  upon  the  presence 
of  open  water,  when  it  could  be  reached  and  pressed  into  the 
service,  for  every  thing  which  he  could  not  comprehend,  almost  it 
would  seem  without  seeking  any  other  cause.  His  experience, 
however,  in  1860,  in  recording  the  temperature  while  frozen  up  in 
winter  quarters,  which  gave  him  from  the  upper  deck  ^^  a  worse 
than  tropic  shower,''  compelled  him  to  make  the  following  state- 
ments :  — 

1860,  November  13.  —  Worse  and  worse.  The  temperatare  has  risen 
again,  and  the  roof  over  the  upper  deck  gives  us  once  more  a  worse  than 
tropic  shower. 

He  then  states  that  ^the  snow  next  the  ice  is  more  sloshy,"  and 
gives  the  temperatures  as  follows :  at  the  surface  of  the  snow,  l9^ ; 
two  feet  below,  20** ;  snow  in  contact  with  the  ice,  18^ ;  water, 
29^.  So  that  no  presence  of  open  water  at  29^  could  have  pro- 
duced the  showers.    Again,  — 

November  14.  —  The  wind  has  been  blowing  for  nearly  twenty-four  hoors 
from  the  north-east,  and  yet  the  temperature  holds  as  before.  .  •  •  I 
HAVB  DONB  WITH  SPECULATION.  •  A  warm  Wind  firom  the  mer  de  glace, 
and  this  boundless  reservoir  of  Greenland  frost,  tnakes  michief  with  my 
theoriea,  as  facts  have  heretofore  done  with  the  theories  of  wiser  men.  As 
long  as  the  wind  came  from  the  sea  I  could  find  some  excuse  for  the  un- 
seasonable warmth  (p.  182) . 

At  this  time  Dr.  Hayes  was  frozen  in  and  surrounded  by  hun- 
dreds of  miles  of  ice,  and  the  wind  was  blowing  towards  an  open 
water  space  in  the  south. 

With  his  speculations  thwarted  and  mischief  played  with  his 
theories.  Dr.  Hayes  still  adhered  to  the  eminent  fallacy  of  open 
water,  and  believed  he  could  find  some  excuse  for  his  belief  as  long 
as  the  wind  came  from  the  sea,  which  in  this  case  was  blowing 
towards  it.  In  a  similar  case  to  this,  when  Captain  McClintock 
was  confounded  by  the  *' unseasonable  warmth,"  and  found  his 
"  upper  deck  sloppy,"  he  exclaimed :  — 

How  IS  it  that  the  south-east  wind  (north-east  true)  has  brought  us  such 
a  very  high  temperature  P  Even  if  it  traversed  an  unfrozen  sea,  it  oould 
not  have  derived  from  thence  a  higher  temperature  than  29^.  Has  it 
swept  across  Greenland,  — that  vast  superficies  partly  enveloped  in  glacier, 
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partly  in  mow  ?  No !  it  must  have  been  borne  in  the  higher  regions  of  the 
atmosphere  from  the  far  south,  in  order  to  mitigate  the  severity  of  this 
northern  climate. * 

But  we  have  not  mentioned  all  the  experience  of  Dr.  Hayes  in 
1860,  for  before  the  end  of  November,  in  that  year,  he  found  his 
theories  still  more  severely  tried,  as  he  relates  in  the  following 
extracts :  — 

The  temperature  had  been  strangely  mild,  a  circumstance  at  least  in  part 
accounted  for  by  the  open  water ;  and  to  this  same  cause  was  no  doubt  due 
the  great  disturbance  of  the  air  and  the  frequency  of  the  gales. 

We  pass  over  this  reference  to  open  water  again,  as  a  cause^ 
with  the  remark  that  Captain  McClintock  found  a  much  truer  one 
in  his  case,  if  in  fact  Dr.  Hayes  does  not  furnish  a  truer  one  in 
his  own  case  as  he  proceeds  with  his  record:  — 

I  have  mentioned  in  the  last  chapter  let  very  remarkable  rise  in  the  ther- 
mometer, which  occurred  early  in  November ;  but  a  still  greater  elevation 
of  temperature  followed  a  few  weeks  later,  reaching  as  high  as  32^,  and 
sinking  back  to  15^  below  zero,  almost  as  suddenly  as  it  had  risen. f  In 
consequence  of  this  extraordinary  and  unaccountable  [  ?  ]  event,  the  thaw 
was  renewed,  and  our  former  discomfort,  arising  from  the  dampness  on  the 
deck  and  in  our  quarters,  was  experienced  in  an  aggravated  degree. 
During  two  days  [November  28  and  29]  we  could  use  no  other  fire  than 
was  necessary  for  the  preparation  of  our  meals  and  for  melting  our  necessary 
supply  of  water.  To  add  to  our  astonishment,  a  heavy  fall  of  snow  was 
foUowed  by  a  shower  of  rain^  a  circumstance  which  I  had  not  previously 
witnessed  in  this  latitude,  except  in  the  months  of  July  and  August,  and 
then  scarcely  more  rain  fell  than  on  the  present  occasion. 

The  depth  of  snow  precipitated  during  this  period  was  likewise  remark- 
able,—  the  aggregate  being  thirty-two  (32)  inches.  In  one  single  day 
nineteen  (19)  inches  were  deposited;  greater  by  five  inches  than  the 
entire  accumulation  of  the  month  in  1853-4  at  Van  Rensellaer  Harbor. 
The  total  amount  of  snow  which  had  fallen  up  to  the  1st  of  December  was 
forty-eight  (48)  inches.  Being  so  far  north  of  the  line  of  maximum  snow, 
I  was  the  more  surprised,  as  my  former  experience  appeared  to  have  shown 
that  the  region  of  Smithes  Sound  was  almost  wholly  free  from  nubilous 
deposits.    (Hayes,  pp.  193,  194.)t 

*  McClintock,  pp.  63,  64. 

t  In  Captain  McClintock's  case  the  temperature  of  the  air  rose  to  82<>  and  fell 
back  to  7^  below  zero,  which  of  course  is  inexplicable  on  the  open  water 
hypothesis. 

X  **  The  difference  between  the  observed  and  mean  temperature  of  all  hours 
daring  which  snow  (or  rain)  feU  were  likewise  made  out  for  each  month  of  the 
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We  have  made  these  quotations  from  Dr.  Hayes,  partly  for  the 
reason  that  they  are  the  most  recent.  His  experience  as  here 
recorded  is  in  several  respects  similar  to  that  of  other  explorers  in 
the  Arctic  Regions,  many  of  them  at  a  different  season  of  the 
year ;  for  it  must  be  borne '  in  mind  that  passing  the  winter  in  the 
vicinity  of  80**  north  latitude  is  a  modem  experience,  at  least 
among  navigators.  Captain  Ross  mentions  the  fact  of  rain  follow- 
ing a  fall  of  snow  at  least  three  times  in  1818;  but  these  were  in 
July  and  August,* in  which  months,  it  seems,  Dr.  Hayes  had 
witnessed  the  same  phenomena,  so  far  as  we  remember  without 
recording  them. 

A  very  remarkable  case,  not  however  without  its  parallel,  is 
reported  by  Captain  Beechey,  as  follows :  — 

On  the  26th  [June,  1818]  we  had  a  fall  of  snow,  and  at  noon,  for  the 
first  time  since  crossing  the  Arctic  Circle,  a  shower  of  rain,  which  although 
the  summer  was  so  far  advanced  covered  every  rope  in  ice  as  it  fell. 

In  this  case  the  temperature  of  the  falling  water,  and  of  course 
the  region  of  the  atmosphere  from  which  it  fell,  was  higher  than 
the  temperature  of  the  air  at  the  surface  of  the  sea.  This  is  of 
very  common  occurrence  in  the  northerly  portions  of  the  temper- 
ate zone,  and  through  New  England,  when  the  trees  are  covered 
with  ice,  presenting  one  of  the  most  brilliant  scenes  of  a  New 
England  winter. 

Dr.  Hartwig,  in  the  "  Polar  World,"  page  27,  speaks  of  the 
waim  wind  and  rain  as  follows:  — 

Even  in  the  depth  of  a  Siberian  winter,  a  sudden  change  of  wind  is  able 
to  raise  the  thermometer  from  a  mercury-congealing  cold  to  a  temperature 
above  the  freezing  point  of  water ;  and  a  warm  wind  has  been  known  to 
cause  rain  to  fall  in  Spitzbergen  in  the  month  of  January. 

But  the  experience  of  Captain  Parry,  in  his  great  sledge  expe- . 
dition  in  1827,  particularly  referred  to  in  a  former  paper,  is  yet  to 

year.  These  hours  are  warmer  on  the  average,  in  the  winter  months,  hj  13^, 
than  the  corresponding  mean  temperature,  the  numbers  decreasing  regularly 
from  winter  to  summer,  and  reversing  in  June  to  —  l^'.  On  the  average  during 
the  year,  the  sensible  heat  during  precipitation  was  7^  7^."  —  Charles  A.  Schott, 
Froc.  Am.  Ass.,  vol.  xiii.  p.  269. 

In  the  circumstances  detailed  by  Dr.  Hayes,  with  such  a  remarkable  fall  of 
■now  the  "  sensible  heat  during  precipitation  "  must  have  been  very  largdjf  above 
the  average. 


Digitized  by  VjOOQIC 


PHYSICS   OF   THK   GLOBE.  129 

be  mentioned.  He  experienced  fi'equent  changes  from  snow  to 
rain  of  the  most  significant  character.  On  the  3d  of  July,  after 
recording  rains  almost  every  day,  when  in  latitude  82^  3'  19",  he 
says  the  snow  had  changed  to  a  heavy  rain,  and  had  produced 
even  greater  effect  than  the  sun  in  softening  the  ice.  On  the  next 
day  he  was  again  annoyed  by  a  heavy  rain,  the  thermometers 
in  the  shade  marking  35<^  and  36® ;  and  in  reference  to  the  fre- 
quent rains,  at  a  point  further  north  than  ever  reached  before. 
Captain  Parry  says :  — 

It  is  a  remarkable  fact  that  we  had  already  [first  week  of  his  journey] 
experienced  more  rain  in  the  course  of  this  summer  than  during  the  whole 
of  seven  previous  summers  taken  together,  though  passed  in  latitudes  from 
seven  to  fifteen  degrees  lower  than  this. 

So  he  was  as  much  disappoint-ed  by  the  "  nubilous  deposits  "  as 
Dr.  Hayes  was  in  Smith's  Sound. 

Mr.  Schott  also,  like  Dr.  Hayes,  proposed  to  accoimt  for  the 
warm  winds  experienced  by  Dr.  Kane  in  Rensellaer  Harbor,  in 
January,  1855,  by  "supposing  them  to  have  originated  over  a 
water  area,  partially  open  (this  water  would  have  a  surface  tem- 
perature of  29^  F.)"  By  the  phrase,  "water  area  partially 
open,"  is  probably  meant  open  water.  It  would  seem,  however, 
that  Dr.  Kane  had  little  reason  to  believe  in  the  open  water 
'hypothesis  for  the  production  of  warm  winds  of  a  temperature 
of  32^  as  already  recorded,  whatever  his  predilections  may  have 
been.  After  passing  the  month  of  December,  with  the  mercury 
from  45®  to  57°  below  zero,  he  refers  to  the  presence  of  open  water 
thirty-five  miles  distant,  as  follows:  — 

January  12,  1855. -^  In  reviewing  our  temperatures,  the  monthly  and 
annual  means  startle  me.  Whatever  views  we  may  have  theoretically  as  to 
the  distribution  of  heat,  it  was  to  have  been  expected  that  so  large  a  water 
area  bat  thirty-five  miles  to  the  south-west  by  west  of  our  position  would 
tell  upon  our  records;  and  this  supposition  was  strengthened  by  the  in- 
creased fall  of  snow,  which  was  clearly  due  to  the  neighborhood  of  this 
water.  [?] 

The  open  water  was  south  of  Cape  Alexander,  and  probably  • 
had  nothing  to  do  with  the  snow. 

Upon  the  evidence  presented  in  the  foregoing  pages,  we  think 
it  is  safe  to  conclude  that  the  reported  warm  winds  —  blowing 
generally  from  the  north  and  apparently  over  extensive  icy  re- 
A.A.A.S.  VOL.  zxi.  17 
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gioDB,  of  a  very  much  higher  temperature  than  the  open  water — 
cannot  be  attributed  to  that  source.  In  the  region  of  the  Gulf 
Stream,  the  temperature  of  the  water  must  be  at  50^  to  raise  the 
temperature  of  the  air  to  32^ ;  but  this  relation  of  cause  and  effect 
in  the  same  degree  could  hardly  be  expected  in  the  Arctic  Regions. 
To  us  it  seems  impossible :  we  cannot  conceive,  over  a  considerable 
space,  of  any  approximation  to  it,  and  have  always  regarded  the 
idea  of  a  warm  wind  from  a  surface  of  open  water,  withont  any 
actual  knowledge  of  its  temperature  or  the  temperature  necessary 
under  the  circumstances  to  produce  it,  as  an  eminent  absurdity, 
lacking  peradventure  the  elements  of  possibility.  If  the  need  of 
open  water  is  peremptory,  as  some  theorists  appear  to  regard  it, 
why  not  take  the  open  sea,  believed  to  exist  in  the  central  por- 
tions of  the  Arctic  Basin,  at  once,  and  refer  to  that  phenomena 
that  cannot  be  explained  or  accounted  for  by  open  spaces,  chan- 
nels, ports,  or  walrus-holes  in  the  ice,  about  which  it  is  well 
known  there  is  no  permanency  of  continuance  ?  But  even  here 
an  open  sea  of  36^  would  fail  to  produce  an  atmosphere  of  the 
required  temperature  to  the  height  of  a  ship's  deck  above  the 
surface. 

So  that,  as  Dr.  Kane  suggested,  the  open  water,  not  accounting 
for  the  warm  wind  or  any  wind,  remains  to  be  accounted  for.  It 
is  hardly  too  much  to  say  that  open  water  in  the  Arctic  Regions 
has  been  seen  everywhere  and  by  every  explorer  by  land  or  sea. 
Baron  Wrangell,  in .  1823,  thought  he  saw  an  **  immeasurable 
ocean ; "  but  Dr.  Kane  suggested  that  he  forgot  for  the  moment 
how  narrow  are  limits  of  human  vision  on  a  sphere.  This  was  in 
latitude  70®  51'.  Sir  John  Franklin,  on  Garry  Island,  at  the  mouth 
of  Mackenzie  River,  latitude  69^  14',  says  ^  the  sea  appeared  in  all 
its  majesty,  entirely  free  from  ice."  Captain  Kellett,  in  1849, 
latitude  71^  5',  sailed  through  streams  and  floes  for  two  days,  and 
said  the  heavily  packed  ice  "  seemed  to  be  broken  by  a  water  line 
on  the  northern  horizon.'' 

From  the  time  of  Barentz,  in  1596,  open  water  has  been  reported 
by  navigators  where  it  was  not  generally  looked  for,  and  has  often 
been  assumed  to  be  either  the  open  sea  itself  or  leading  into  it. 
^The  Dutch  fishermen  above  and  around  Spitzbergen  pushed 
their  adventurous  cruises  through  the  ice  into  open  spaces  varying 
in  size  and  form  with  the  season  and  the  winds ;  and  Dr.  Scoresby 
alludes  to  such  vacancies  in  the  floes  as  pointing  in  argument 
to  a  freedom  of  movement  from  the  north,  inducing  open  water 


Digitized  by  VjOOQIC 


PHYSICS   OF   THB   GLOBE.  131 

in  the  neighborhood  of  the  pole."  "  So,  still  more  recently,"  says 
Dr.  ^ane,  "  Captain  Penny  proclaimed  a  sea  in  Wellington  Sound, 
on  the  very  spot  where  Sir  Edward  Belcher  has  since  left  his 
frozen  ships;  and  my  predecessor,  Captain  Inglefield,  from  the 
mast-head  of  his  little  vessel  announced  an  open  Polar  Basin 
but  fifteen  miles  off  from  the  ice  which  arrested  our  progress  the 
next  year." 

Open  water  of  itself  as  we  have  said  elsewhere,  proves  nothing. 
On  the  very  page  that  Dr.  Kane  reported  the  discovery  by  Morton 
of  an  open  sea,  it  occurred  to  him  that  that  might  prove  as  illusory 
as  the  rest  have  done;  and  he  says,  ^How  far  it  may  extend, 
whether  it  exists  simply  as  a  feature  of  the  immediate  region,  or 
as  part  of  a  great  unexplored  area  communicating  with  the  Polar 
Basin,  may  be  questions  for  men  skilled  in  scientific  deductions.'* 
In  a  note,  he  adds,  '^  Whether  it  does  or  does  not  communicate 
with  the  Polar  Basin,  we  are  without  facts  to  determine.  I  would 
say,  however,  as  a  cautionary  check  to  some  theories  in  otnnection 
with  such  an  open  basin,  that  the  influence  of  the  rapid  tides  and 
currents  in  destroying  ice  by  abrasion  can  hardly  be  realized  by 
those  who  have  not  witnessed  their  action.  It  is  not  uncom- 
mon to  see  such  tidal  sluices  remain  open  in  the  midst  of  winter. 
Such,  indeed,  are  the  Polynia  of  the  Russians,  the  stromhols 
of  the  Greenland  Danes,  and  the  familiar  open  holes  of  the 
whalers." 

Whatever  may  be  the  cause  of  open  water,  whether  local  or 
otherwise,  it  certainly  is  not  the  Gulf  Stream,  but  rather  the 
winds,  tides,  and  currents,  as  suggested  by  Dr.  Kane ;  and  their 
existence  is  entirely  compatible  with  the  nature  and  character, 
as  far  as  known  to  us,  of  the  Arctic  Ocean.  Sir  Edward  Parry, 
in  1827,  who  travelled  over  the  ice  from  Spitzbergen  to  latitude 
82°  45^,  did  not  find  open  water,  excepting  channels  and  holes ; 
but  he  did  find  ponds  of  fi^sh  water  on  the  ice  which  had  been 
much  larger  than  when  he  discovered  them,  and  these  were  the 
result  of  the  rain  that  he  had  encountered  on  his  trip.  He  was 
disappointed  in  not  seeing  "solid  fields  of  unbroken  ice  which 
every  account  had  led  us  to  expect  in  a  much  lower  latitude,"  * 
but  found  it  rotten  and  unsafe  as  he  proceeded,  and  the  whole 
excursion  shows  that  if  he  could  have  gone  farther  he  would  have 
found  the  end  of  the  ice  and  the  open  sea. 

We  might  extend  these  remarks  and  illustrations  indefinitely, 
and  bring  together  innumerable  fiwts  and  statements,  —  such  as 
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relate  to  the  irregularities  of  the  winds  towards  the  pole ;  .the 
frequency  of  calms,  greater  in  number  than  all  the  winds  com- 
bined ;  continued  fogs  and  heavy  mists,  not  the  mere  result  of 
local  causes ;  the  location  of  the  poles  of  cold ;  the  formation  of 
glaciers,  by  means  of  the  rains;  the  absence  or  comparative 
sparseness  of  snow  oh  the  Spitzbergen  and  Greenland  Moun- 
tains ;  the  falls  of  rain,  "  which  produced  even  greater  effect  than 
the  sun  in  softening  the  ice;" — all  of  which  go  to  illustrate 
the  nature  and  character  of  the  climate  and  meteorology  of  the 
Arctic  Regions,  and  seem  to  demonstrate  the  applicability  of 
the  theory  here  proposed  for  the  solution  of  the  phenomena 
recorded. 

"Peterson  tells  me,"  says  Captain  McClintock,  "the  same 
warm  south-east  (north  north-east  true)  wind  suddenly  sweeps 
over  XJppernavik  in  mid-winter,  bringing  with  it  abundance  of 
rain." 

This  witrm  wind,  constantly  blowing,  and  rain,  in  some  form 
of  manifestation,  are  the  experience  of  the  Arctic 'Regibns. 

It  is  this  warm  wind  that  produces  snow,  and  changes  the  Ml 
to  rain  in  summer  and  winter. 

It  is  this  warm  wind  and  rain  that  melts  the  snow  on  the  moun- 
tains, and  softens  the  ice  more  than  the  heat  of  the  sun. 

It  is  this  warm  wind  and  rain  that  cover  a  ship^s  rigging  and 
hull  with  a  heavy  coating  of  ice,  as  described. 

It  is  this  warm  wind  that  forms  clouds  and  fogs  so  con- 
stantly, and  brings  with  it  electricity,  —  perhaps  for  the  aurora 
borealis. 

It  is  this  that  forms  ponds  of  fresh  water  on  the  ice  in  the 
north. 

This  it  is,  as  Captain  McClintock  believed,  —  and  not  mere 
spaces  of  open  water  among  the  ice-fields,  enveloped  with  a 
temperature  far  below  zero,  —  that  "  niitigates  the  severity  of 
the  climate." 

This  it  is — the  current  of  air  from  the  equatorial  regions  in 
the  system  of  circulation  already  described,  charged  with  heat 
and  moisture,  of  different  degrees  of  temperature  —  that  pro- 
duces all  the  meteorological  phenomena  of  the  Arctic  Regions, 
including  mirage,  mock  sun,  <fec.,  as  well  as  storms,  fogs,  and 
winds. 

This  it  is,  too,  —  the  falling  of  moisture  and  emission  of  latent 
heat  in  the  highest  northern  regions  around  the  pole,  —  that. 
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whatever  may  be  the  auxiliary  effect  of  other  influences,  if  any 
exist,  keeps  an  open  sea,  wherever  it  would  otherwise  be  closed. 

This  it  is,  too,  that  locates  the  poles  of  cold  so  &t  south  of  the 
theoretic  pole  of  the  earth. 

This,  in  short,  is  the  Atmospheric  Theory,  and  this  it  is 
that  establishes  the  fact  of  an  ameliorated  climate  in  the  Arctic 
Regions. 
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B.     NATURAL    HISTORY. 


I.    GEOLOGY  AND  GEOGRAPHY. 
1.  EXFLAIBTATION  OF  A  NeW  GEOLOGICAL    MaP  OF    NeW    HaMP- 

BHiBE.    By  C.  H.  Hitchcock,  of  Hanover,  N.  H 
(Abstract) 

Thib  map  ifl  constructed  upon  the  scale  of  two  and  a  half  miles 
to  the  inch.  The  topographical  part  has  been  laboriously  com- 
piled by  H.  F.  Walling,  from  all  existing  sources,  which  are  chiefly 
these :  —  1.  Coast  Survey  maps  and  triangulation.  2.  Triangu- 
lation  by  E.  T.  Quimby,  under  the  direction  of  the  Geological 
Survey.  3.  Map  of  the  Northern  Boundary,  by  Colonel  J.  D. 
Graham,  made  by  the  United  States  after  the  ratification  of  the 
Treaty  of  1842  with  Great  Brit^on.  Colonel  Graham's  astronom- 
ical observations  gave  the  same  figures  for  latitudes  and  longitudes 
as  those  subsequently  deduced  by  the  Coast  Survey.  4.  Ten 
County  maps,  constructed  after  odometer  surveys.  5.  Maps  of 
Connecticut  River,  Winnipiseogee  Lake,  and  others  too  numerous 
to  mention. 

It  is  expected  that  this  map,  showing  as  it  does  minutely  the 
natural  topographical  features  of  the  country,  with  all  the  vil- 
lages, roads,  railroads,  &c.,  will  form  the  basis  of  the  Geological 
Map  to  be  inserted  in  the  Final  Report  upon  the  Greology  of  the 
State. 

A  previous  paper  has  given  in  detail  the  formations  among  the 
White  Mountains.  The  scale  of  the  map  will  enable  us  to  show 
them  all,  with  many  other  details  in  the  south  part  of  the  State. 

In  general  they  may  be  grouped  as  follows :  — 

I.    Eozoic. 

1.  ZaurenHan,  including  (a)  porphyritic  gneiss ;  (b)  White  Moun- 
tain series,  or  andalusite  gneiss;  (c)  Bethlehem,  or  talcose  gneiss; 
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(d)  gneiss  of  Lake  Winnipiseogee  Basin ;  (e)  gneiss  on  both  flanks 
of  the  porphyritic  variety  in  the  south  part  of  the  State,  sub- 
divided by  bands  of  quartzite,  —  this  carries  the  Concord  and 
Fitzwilliam  granites,  and  is  probably  the  beryl-bearing  series  also ; 
(/)  range  of  gneiss  between  Whitefield  and  Milan,  considerably 
hdmblendic. 

2.  Nbriariy  including  (a)  common  granite;  (b)  trachytic  gran- 
ite ;  (o)  four  bands  of  felsite,  both  labradorite  and  orthoclase. 

3.  Meeter  syenites^  including  those  cutting  the  Norian  at  Water- 
ville.  Mount  Monadnock,  opposite  Colebrook,  Red  Hill,  Ac. 

4.  ^Turonian.     The    talcose  schist   series    along    Connecticut 
River,  and  in  the  north  part  of  Cods  County. 

5.  Older   Cambrian  ?    Includes  Co5s  and  Merrimack  groups, 
and  probably  the  ^  Calciferous  Mica  Schist "  of  Vermont  Survey. 


II.    Paleozoic. 


Helderberg  limestone. 
Clay  slates. 


2.  Recent  Geological  Discoyebieb  among  the  White  Moun- 
tains, New  Hampshire.  By  C.  H.  Hitchcock,  of  Hanover, 
N.H. 

At  the  Troy  Meeting  (1870)  I  had  the  honor  to  present  to  the 
Association  a  brief  sketch  of  the  Geology  and  Topography  of  the 
Mount  Washington  jRange.  The  communication  was  of  a  verbal 
character,  and  no  abstract  of  it  prepared  for  publication.  I  ex- 
hibited a  model  of  thi6  main  range,  upon  the  scale  of  one  hundred 
and  forty  rods  to  the  inch  horizontally,  and  five  hundred  feet  to 
the  inch  vertically,  upon  which  different  colors  indicated  the  dis- 
tribution of  the  principal  varieties  of  rock.  The  area  there  repre- 
sented was  comprised  between  the  Saco,  Ellis,  Peabody,  and  Moose 
Rivers ;  and  the  formations  consisted  of  the  andalusite  or  White 
Mountain  gneiss,  granite  of  three  kinds,  traps,  and  the  andalusite 
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elate  or  Cods  group.  The  opinions  that  had  been  entertained  hj 
previous  explorers,  in  regard  to  the  age  and  structure  of  the  White 
Mountains,  received  a  brief  notice;  and  a  new  theory  of  the 
structure  of  the  Washington  range  was  presented.  The  main 
range  was  considered  to  be  an  inverted  anticlinal,  much  dbturbed  in 
a  later  period  by  a  powerful  force,  exerted  nearly  at  right  angles 
to  the  direction  of  the  original  compressing  agency. 

The  name  of  White  Motintain  Series  or  Bocks  is  proposed  in 
my  Report  to  the  Secretary  of  State,  in  1869,  as  a  general  term 
for  all  the  older  gneissic  and  granitic  rocks  occupying  the  moun- 
tain area,  and  the  principal  part  of  the  State,  east  of  the  newer 
series  of  schists  and  slates  along  Connecticut  River,  described  as 
the  Cods  group.  The  first  of  these  terms  is  a  general  one,  which 
may  be  restricted  in  application  as  our  knowledge  of  the  forma- 
tions becomes  more  definite.  Both  in  1869  and  1870  I  insisted 
that  the  White  Mountain  series  of  andalusite  gneiss  and  the 
andalusite  slates  represented  two  very  different  geological  periods, 
the  latter  being  the  most  recent,  and  thought  to  be  of  the  same 
age  with  the  staurolite  schists  along  Connecticut  River. 

Since  1870,  my  researches  have  been  extended  over  the  White 
Mountain  area  west  and  south  of  the  Washington  range,  among 
quite  a  different  series  of  rocks.  The  region  is  entirely  a  forest 
and  mountainous  country,  whose  exploration  is  conducted  with 
extreme  difficulty.  Our  conclusions  differ  greatly  from  those  of 
any  earlier  writer,  and  they  spring  directly  from  the  observations 
in  the  field.  Geologists  may  differ  from  me  in  referring  these 
rocks  to  the  periods  I  shall  name  hereafter,  but  they  wUl  be  satis- 
fied that  their  sequence  is  properly  made  out. 

As  a  matter  of  convenience,  I  will  specify  the  several  discoveries 
in  the  order  in  which  they  presented  themselves  to  me.  Mr.  J.  H. 
Huntington,  my  assistant,  has  toiled  diligently  among  these  moun- 
tains, and  has  contributed  largely  to  the  development  of  the  struc- 
ture, as  we  now  understand  iU 

I.    DiSCOVEBY   OF   THE    NoBIAN   StSTSM. 

In  his  address  before  the  Association  last  year,  at  Indianapolis, 
on  retiring  fi-om  the  presidential  chair.  Dr.  T.  Sterry  Hunt  re- 
marked that  the  Labradorian  or  Norian  system,  ^  although  occupy- 
ing a  considerable  area  in  the  Adirondack  region,  is  not  certainly 
known  in  the  Appalachian  range."    Not  more  than  a  day  later  it 


Digitized  by  VjOOQIC 


GEOLOGY   AND   GBOGBAPHY.  137 

was  mj  privilege  to  stand  upon  a  Norian  area  of  several  square 
miles  in  extent,  in  the  town  of  Waterville ;  and  since  that  time 
the  system  has  been  discovered  in  seven  or  eight  other  localities : 
so  that  the  remark  of  Dr.  Hunt,  true  when  uttered,  is  no  longer 
correct.  A  brief  sketch  of  this  locality  in  Waterville  will  be  of 
interest.  Near  the  east  line  of  the  town  of  Waterville  is  a  high 
mountain,  called  "  Tripyramid,"  for  the  reason  that  from  an  oval 
base  three  conical  peaks  rise  to  nearly  the  same  height,  the  highest 
being  4086  feet  (Guyot)  above  mean  tide  water.  The  course  of 
these  summits  is  ten  or  fifteen  degrees  west  of  north.  From  Cho- 
corua  and  Kiarsarge  Mountains  the  northern  cone  seems  farther  away 
fix>m  the  middle  than  the  southern  one,  and  there  are  two  subordi- 
nate elevations  each  side  of  the  centre.  Bond  gives  four  peaks  on  his 
map  corresponding  to  Tripyramid,  the  two  southern  4400  feet  each, 
the  others  4300  and  4000  feet  above  the  sea.  The  whole  mountain 
mass  is  isolated,  and  is  therefore  quite  prominent.  The  southern 
peak  is  about  three  miles  westerly  from  Passaconnaway,  in  Albany, 
and  four  from  Whiteface,  in  Sandwich,  both  of  nearly  the  same 
altitude ;  while  Osceola,  on  the  boundary  line  between  Waterville 
and  Allen's  grant,  is  4397  feet  above  the  ocean,  and  not  less  than 
six  miles  away.  The  Grafton  County  map  improperly  calls  Tri- 
pyramid Passaconnaway;  and,  misled  by  this  authority,  many 
persons  have  fallen  into  error  in  their  descriptions  of  localities. 
Eastman  gives  no  name  to  this  peak  on  his  map. 

The  notable  storm  ending  October  4,  1869,  gave  rise  to  a 
remarkable  freshet  upon  the  south-western  slope  of  the  most 
southern  of  these  pyramids.  The  mountain  side  seems  to  have 
been  covered  by  spruces  growing  above  loose  blocks  carpeted 
abundantly  with  moss,  very  much  as  is  common  all  over  the 
White  Hills  wherever  the  climate  permits  temperate  vegetation 
to  flourish.  No  valley  furrowed  the  slope ;  and  it  seems  difficult 
to  understand  why  the  waters  should  have  accumulated  so  enor- 
mously at  this  point,  and  nowhere  els^  in  the  neighborhood,  if  we 
may  judge  by  the  effects  produced,  —  especially  since  the  bare 
mountain  side,  exposed  at  this  time,  has  rendered  the  area  con- 
spicuous as  a  landmark  fifty  miles  away^  It  were  easy  to  imagine 
that  some  atmospheric  disturbances  had  collected  the  waters  from 
a  circle  having  a  diameter  of  a  mile,  and  discharged  them  in  a 
narrow  stream  upon  the  forest  beneath.  Clouds  are  sometimes 
said  to  "  burst,"  when  their  contents  are  poured  very  quickly  into 
some  limited  area,  most  usually  when  a  tornado  or  rapidly  formed 
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nimbus  flits  by.  Yet  something  of  a  similar  character  will  best 
explain  the  phenomena  displayed  in  Waterville  daring  this  never- 
to-be-forgotten  storm. 

Almost  immediately  after  the  storm,  this  locality  was  visited  by 
Professor  G.  H.  Perkins,  Ph.D.,  of  the  University  of  Vermont, 
Rev.  M.  T.  Runnels,  of  Sanbomton,  and  Charles  Cutter,  of  Camp- 
ton.  Professor  Perkins  wrote  a  description  of  the  changes  wrought 
in  the  country,  and  published  it  in  the  ^*  American  Journal  of 
Science ''  (II.  vol.  xlix.  p.  158).  As  he  made  careful  estimates  of 
distances  in  the  upper  part  of  the  mountain,  I  will  use  his  figures 
in  the  paragraph  that  follows. 

The  sliding  commenced  about  forty  rods  from  the  summit,  a  little 
one  side  of  the  highest  point.  The  beginning  of  the  bare  earth  is 
only  a  rod  in  width.  The  breadth  increases  gradually  for  fifty  or 
sixty  rods.  For  the  following  seventy  rods  down  hill  it  widens 
rapidly,  attaining  at  one  hundred  and  thirty  rods'  distance  a  width 
of  twenty-five  or  thirty  rods.  Thirty-six  rods  lower  the  breadth 
is  seventeen  rods.  The  course  is  nearly  straight  to  this  point  — 
one  hundred  and  sixty-six  rods  —  when  it  begins  to  curve  towards 
the  north-west  instead  of  continuing  south-westerly,  and  eighty 
rods  below  is  what  Professor  Perkins  regarded  as  the  termination 
of  the  slide.  The  waters  excavated  a  gorge  through  the  boulder 
clay  or  "  hardpan  "  of  the  country,  after  passing  the  Elbow,  often 
twenty-five  feet  deep,  the  material  being  almost  as  firm  as  solid 
rock.  The  whole  course  thus  far  mentioned  is  two  hundred  and 
forty-six  rods,  of  a  general  fusiform  outline,  with  the  lower  end 
curved  to  one  side.  The  inclination  of  the  debris  is  often  as  much  as 
forty-five  degrees,  perhaps  higher  for  a  dozen  yards,  and  generally 
somewhat  less.  The  underlying  ledges  appear  in  two  or  three 
places,  but  do  not  exhibit  any  marks  or  scratches  made  by  the 
sliding  mass. 

The  curve  at  the  bottom  of  the  hill  is  nearly  a  right  angle,  and 
was  determined  by  the  configuration  of  the  land,  for  directly  in 
the  way  of  the  slip  there  is  a  low  ridge  covered  by  a  forest.  Were 
the  phenomenon  a  true  slide,  the  materials  must  have  been  arrested 
by  this  obstacle.  But  no  more  earth  lies  before  this  obstruction 
than  along  any  part  of  the  two  or  three  miles' distance  of  the  steep- 
est descent  below.  The  forest  must  therefore  have  been  torn  up 
by  a  prodigious  freshet, — trees,  earth,  and  rock  fragments  mingling 
with  the  water,  as  if  all  a  liquid  mass,  winding  through  the  curved 
valley  of  a  stream,  and  excavating  a  deeper  channel  below  the 
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turn  in  its  direction.  In  a  clearing  of  fifty  acres  at  the  base  of  the 
mountain,  called  "  Beckytown,"  great  piles  of  rubbish,  rocks,  and 
trees  accumulated,  while  only  earth  was  transported  farther. 

For  nearly  two  miles  below  the  Elbow  mentioned  above,  the 
current  descended  rapidly,  occasionally  depositing  gravel  in  pro- 
tected nooks,  which,  with  other  sloping  surfaces,  may  be  called 
terraces.  Quite' high  up  is  an  interesting  excavation  in  the  form 
of  a  notch,  where  one  side  is  long,  sloping  gradually,  and  the 
other  steep  and  short.  Half  way  down  the  stream  —  which  may 
appropriately  be  termed  Norway  Brook,  on  account  of  the  name 
of  the  formations  traversed  by  it  —  the  water  falls  precipitantly 
over  a  ledge  of  the  dark  Norite  rock.  Elsewhere  the  valley  is  like 
that  of  any  mountain  torrent. 

This  locality  is  easily  accessible.  During  the  summer  a  stage 
runs  from  Plymouth  to  Greely's  Hotel,  in  Waterville,  a  distance  of 
twenty  miles.  From  this  summer  resort  the  first  of  the  Norite 
ledges  is  less  than  two  miles,  over  a  well-defined  footpath,  and 
passing  near  a  picturesque  cataract.  Mr.  Greely  can  direct  visitors 
to  these  rocks. 

The  locality  was  first  visited  in  a  scientific  way  by  Dr.  Perkins, 
in  1869,  who  did  not  recognize  the  Labrador  feldspar.    In  May, 

1870,  Mr.  J.  H.  Huntington  went  up  the  stream,  bringing  back 
specimens  of  the  dark  rock,  which  he  suspected  might  be  labra- 
dorite.  He  earned  a  fragment  of  it  to  Dr.  T.  S terry  Hunt,  of 
Montreal,  for  examination.  Dr.  Hunt's  analysis  showed  the  pre- 
dominant mineral  to  be  labradorite,  in  a  letter  dated  March  21, 

1871,  and  addressed  to  Mr.  Huntington.* 

My  first  visits  to  this  locality  were  made  August  18  and  19, 
1871 ;  also,  September  20,  in  company  with  Professor  J.  D.  Dana. 
A  short  aiticle,  descriptive  chiefly  of  this  locality,  appeared  in  the 
**  American  Journal  of  Science,"  for  January,  1872,  written  by 
myself,  followed  by  analyses  of  the  labradorite  and  chrysolite  by 
Mr.  £.  S.  Dana.  As  the  principal  rock  proved  to  be  an  aggregate 
of  labradorite  and  chrysolite,  an  assemblage  of  minerals  not  here- 
tofore described,  Mr.  Dana  proposed  to  designate  it  by  the  name 
of  Ossipyte^  after  the  tribe  of  Indians  indigenous  to  this  part  of 
the  State. 

In  ascending  from  <' Beckytown,''  the  first  rock  met  with  is 

*  See  Report  of  the  Geological  Surrey  of  the  State  of  New  Hampshire, 
for  1871. 
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"trachytic  granite."  This  I  called  "gneiss  with  nodular  ortho- 
clase,"  in  my  first  sketch,  with  seams  or  strata  dipping  (by  com- 
pass) 80*^  south,  70^  west.  In  no  other  locality  do  the  scales  ot 
mica  an'ange  themselves  in  planes  nearly  vertical  to  the  jointed 
surfaces.  A  careful  examination  of  this  granitic  rock  in  numerous 
localities  leads  to  the  conclusion  that  it  is  a  true  erupted  granite, 
and  not  a  gneiss ;  though  it  is  possible  the  present  case  may  be 
an  exception.  If  so,  it  would  be  connected  directly  with  the 
porphyritic  gneiss  of  Cascade  Brook. 

The  first  ledge  of  oasipyte  appears  a  few  rods  higher  np.  Its 
junction  with  the  granite  is  concealed  by  drift.  Similar  ledges 
occur  for  a  mile,  some  exposures  being  sixty  or  seventy  feet  long. 
The  rock  seems  to  be  stratified,  the  planes  dipping  about  twenty 
degrees  northerly. 

This  dark  rock  is  abruptly  succeeded  by  a  gray  syenite-appear- 
ing rock,  being  sometimes  labradorite  and  mica,  with  hornblende ; 
then  ortfaodase,  labradorite,  and  mica,  with  scarcely  any  horn- 
blende. The  line  of  junction  is  irregular,  averaging  north  20°  east, 
and  cutting  the  strata.  Cavities  in  the  strata  have  been  filled  by 
injected  masses  of  this  syenite.  For  these  reasons,  we  believe 
this  rock  to  have  been  eruptive.  Perhaps  an  eighth  of  a  nodle 
higher  up,  we  find  an  interesting  assemblage  of  coarse  crystals  of 
whitish  labradorite,  hornblende,  titanic  iron,  mica,  and  epidote. 
This  is  at  the  "Notch." 

These  ledges  disintegrate  very  rapidly.  Large  nodules  of  the 
syenitic  rock,  less  liable  to  decomposition,  are  scattered  through 
the  mass;  and  there  are  geodio  cavities  containing  orthoclase, 
albite,  quartz,  and  rarely  stilbite.  The  "  Notch  "  is  produced  by 
the  erosion  of  a  ferruginous  band,  resembling  a  stratum,  and  dip- 
ping both  east  15^  south,  and  east  35^  north.  Above  the  Notch, 
as  far  as  the  "  Elbow,"  there  is  a  recurrence  of  the  finer-grained 
syenite,  containing  geodes  and  feldspathic  veins.  At  the  £lbow 
there  is  a  somewhat  difierent  mineral  combination,  extending  to 
the  top  of  the  Pyramid.  Quartz  is  rare,  but  there  are  two  kinds 
of  feldspar.  Mica  is  abundant,  and  some  specimens  show  horn- 
blende. The  same  minerals  occur  in  the  geodic  masses,  as  below; 
also  actinolite,  amethyst,  and  others  yet  undetermined. 

Two  analyses  of  one  of  the  feldspars  by  C.  A.  Seely  gave  the 
following  results :  silica,  59.2 ;  alumina,  28.8 ;  iron  oxide,  trace ; 
lime,  7.4;  soda,  8.54;  potash,  0.6.  A  partial  determination  of 
another  specimen  gave :    silica,  57.6 ;  alumina  and  iron  oxide. 
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not  separated,  24.6;  lime,  3.2.  These  analyses  are  suggestive 
of  andesite. 

Upon  the  north-east  side  of  Tripyramid,  Mr.  Huntington  found 
a  similar  order  of  ledges  in  ascending  that  tributary  of  Swift 
River,  called  Sabba  Day  Brook.  Near  the  mouth  of  this  stream 
there  is  a  cataract  falling  over  the  common  granite  of  the  country. 
The  same  appears  a  mile  higher  up.  The  same  rock  is  found  on 
Down's  Brook,  another  tributary  of  Swift  River,  passing  very 
nearly  along  the  line  between  Waterville  and  Albany.  The  tra- 
chytic  granite  was  not  observed  here,  possibly  because  we  had  not 
learned  the  importance  of  distinguishing  it  at  the  time  of  the 
visit.  But,  higher  up  Sabba  Day  Brook,  Mr.  Huntington  found 
compact  labradorite  in  places  apparently  devoid  of  chrysolite, 
and  fragments  whose  cleavable  crystals  showed  the  play  of  colore 
usually  seen  in  this  species.  Higher  up  the  mountain,  the  north 
Tripyramid,  the  syenitic  rocks  of  the  slide  reappear.  Farther 
south  the  labradorite  passes  up  into  a  breccia  apparently  overlying 
gneiss. 

The  rocks  adjacent  to  this  Norian  area  are  the  trachytic  granite 
at  Beckytown,  on  Norway  Brook,  and  probably  on  the  north,  since 
specimens  of  it  have  been  brought  from  Flume  Brook,  two  miles 
distant;  common  granite  to  the  north-east;  gneiss  on  the  east; 
and  porphyritic  gneiss  on  the  south.  The  latter  crops  out  upon 
Cascade  Brook,  about  a  mile  south  of  the  Norian.  The  ridge 
between  has  not  been  examined.  This  gneiss  dips  75°  north  20° 
east,  and  most  likely  lies  underneath  the  labradorite  rocks  uncon- 
formably.  These  porphyritic  ledges  seem  to  be  the  northern  end 
of  continuous  exposures  all  the  way  from  Fitzwilliam,  ninety 
miles  distant,  if  not  from  Massachusetts.  The  breadth  is  some- 
times fifteen  miles.  Hence  the  labradorite  rocks  seem  to  rest  con- 
formably upon  the  trachytic  granite,  to  have  been  cut  across  by 
the  syenite,  and  to  overlie  uucomformably  the  other  formations 
adjacent.  With  this  point  settled,  it  is  easy  to  determine  Hhe 
relative  ages  of  all  the  formations  concerned. 

The  importance  of  this  discovery  may  be  best  appreciated  by 
remembering  that  the  presence  of  the  lime  feldspare  affords  a 
Btrong  presamption  that  these  rocks  are  Eozoic,  and  not  meta- 
morphic  Paleozoic  formations.  It  seems  to  be  generally  admitted 
by  geologists  that  these  feldspare  are  confined  to  the  older  rocks, 
except  as  found  in  eruptive  trappean  and  volcanic  masses.  The 
Labrador   system    was  firat    formally  separated  from  the  Lau- 
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rentian  by  Sir  W.  E.  Logan,  in  his  Report  of  1865,  though  the 
proposal  had  been  shadowed  forth  in  earlier  reports.  It  is  called 
the  Upper  X/aurentian  or  Labrador,  Dr.  Hunt  subsequently 
proposed  the  name  of  Nbrian^  from  Norway,  instead  of  Labrador. 
The  Canadian  geologists  supposed  this  system  to  underlie  the 
Huronian,  though  the  two  groups  had  never  been  found  in  imme- 
diate contact.  They  are  positive  that  it  is  more  recent  than  the 
Lauren tian,  as  it  overlies  the  earlier  gneisses  unconformably. 

With  this  history  before  us,  it  is  not  strange  that  we  began  to 
take  a  deep  interest  in  tracing  out  the  relations  of  these  Norian 
rocks,  as  well  as  to  accept  the  conclusions  presented  above,  in 
regard  to  the  value  of  lime  feldspars  in  determining  geological 
age.  The  felsites  have  since  been  discovered  in  several  localities, 
but  almost  always  possessing  a  slight  dip.  Regarding  all  the 
compact  feldspars  as  belonging  to  one  system,  though  differing 
chemically,  the  senes  may  be  divided  into  four  parts. 

First,  the  ossipyte^  or  other  coarse  aggregations  of  labradorite 
with  hornblende  or  other  minerals ;  second,  a  dark,  compact  lime 
felsite,  verging  into  one  of  similar  aspect,  but  hardly  a  labradorite. 
That  from  the  Lafayette  range  represents  the  first  of  these  vari- 
eties. The  following  is  its  composition :  silica,  52.01 ;  alumina, 
26.60;  iron  peroxide,  4.20 ;  lime,  13.30 ;  soda,  3.50;  potash,  0.65. 
Total,  100.26. 

The  second  of  these  varieties  may  be  represented  by  a  specimen 
from  Mount  Lyon  (Cape  Horn)  in  Northumberland.  The  follow- 
ing is  its  composition :  silica,  62.2 ;  alumina,  28.0 ;  iron  oxide, 
trace ;  lime,  4.6 ;  soda,  3.34 ;  potash,  6.0.  This  is  like  an  ordi- 
nary potash  felsite.  These  two  kinds  cannot  be  distinguished  from 
each  other  optically. 

Third,  crystalline  felsites  of  light  color,  often  reddish  and  most 
probably  orthoclase.  There  are  mountain  masses  of  this  kindv  as 
exemplified  upon  Mount  Carrigain  and  Twin  Mountain. 

Fourth,  compact  red  felsite,  resembling  orthoclase.  One  of 
them  from  Albany  gives  the  following  percentages :  silica,  64.90  ; 
alumina,  8.80 ;  iron  oxide,  12.60 ;  magnesia,  2.37 ;  lime,  3.50 ;  soda, 
4.24 ;  potash,  6.25.  Another  from  the  north  of  Waterville  gave  for 
alkali  determinations:  soda,  3.959;  potash,  6.525.  There  is  no 
reason  to  suppose  that  any  of  the  red  felsites  found  by  us  differ 
essentially  from  orthoclase  in  composition. 

The  localities  of  these  felsites  may  be  briefly  mentioned:  1. 
Waterville,  as  described  above ;  2.  Albany,  upon  Mount  Chocoroa, 
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and  3.  Little  Deer  Brook.  The  last  is  coDnected  with  an  inter- 
esting conglomerate,  partly  composed  of  two  varieties  of  felsite 
and  partly  of  andalusite  rocks.  4.  Loon  Pond,  in  Woodstock. 
6.  Mount  Carrigain.  6.  Twin  Mountain  range.  The  felsites 
occur  chiefly  south  of  the  summit  of  the  north  peak,  and  north  of 
the  east  hranch  of  the  Pemigewasset.  7.  Lafayette  range.  8. 
Mount  Tom,  near  the  Crawford  House.  9.  A  few  miles  from 
the  summit  of  Mount  Washington,  in  the  valley  of  Dry  River. 
An  examination  and  analysis  of  this  rock  shows  it  to  be  almost 
exactly  like  that  from  Waterville,  analyzed  by  Dr.  Hunt.  10. 
Sable  Mountain,  in  Jackson.  11.  The  largest  of  all,  extending 
from  Mount  Starr  King,  in  Jefferson,  to  Northumberland.  Two 
peaks  in  Northumberland  are  actually  separated  from  the  main 
area  by  an  intervening  band  of  argillaceous  quartzite.  This  area 
of  perhaps  sixty  square  miles  is  full  of  sharp,  precipitous  peaks ; 
and,  though  oilen  only  a  mile  from  a  railroad,  the  primitive 
forest  has  never  been  removed  from  them,  so  poor  is  the  soil. 
Wherever  exposed,  the  ledges  decompose  rapidly,  and  hence  one 
might  by  a  hasty  examination  overlook  the  true  mineralogical 
character  of  these  felsite  summits.  Perhaps,  on  account  of  ready 
decomposition,  it  is  very  rare  to  see  any  boulders  of  this  felsite  in 
any  of  the  settled  districts,  otherwise  attention  would  have  been 
directed  t»  them  long  ago. 

IL    Relations  of  the  Gbanites. 

Mount  Lafayette  is  the  culminating  point  of  a  narrow  ridge, 
about  five  miles  long,  capped  horizontally  by  lime  felsite,  except  at 
one  low  and  narrow  place,  where  it  has  been  worn  away.  The  thick- 
ness of  the  felsite  is  not  more  than  two  hundred  or  three  hundred 
feet.  Passing  down  the  west  side  of  this  range,  say  next  the 
Flume,  one  passes  over  two  kinds  of  granite,  arranged  in  two 
immense  sheets,  like  conformable  formations  underneath  the 
felsite.  This  arrangement  may  be  best  appreciated  by  inspecting 
the  annexed  section  from  Mount  Liberty  to  Mount  Flume,  passing 
through  the  celebrated  gorge  in  Lincoln  called  the  "  Flume,"  F, 
Mount  Liberty  is  at  C7,  and  Mount  Flume  at  Ay  2250  feet  above 
JPy  which  is  1849  feet  above  mean  tide  water.  In  ascending,  one 
passes  over  say  six  hundred  feet  thickness  of  a  common  granite, 
and  above  that  over  about  one  thousand  feet  thickness  of  the 
trachytic  granite,  before  coming  to  the  felsite. 
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The  constituents  of  the  common  granite  are  the  ordinary  ortho- 
clase,  mica,  and  quartz.  The  minerals  are  rather  coarse,  usually 
one-fourth  of  an  inch  in  length,  and  never  more  than  an  inch. 
The  orthoclase  is  often  flesh-colored  to  red,  and  is  the  most  abun- 
dant of  the  constituents.  The  quartz  is  smoky,  translucent,  some- 
times roughly  crystallized,  though  commonly  amorphous.  The 
mica  is  black,  aud  the  least  abundant  of  the  three,  but  existing  in 
considerable  quantity.  Nearly  horizontal  joints  traverse  the  mass, 
besides  others  that  are  perpendicular. 

The  trachytic  granite  abruptly  replaces  the  common  variety  in 
ascending.  It  has  a  strongly  trachytic  or  semi-porphyritic  aspect. 
It  is  chiefly  feldspar,  proved  by  analysis  to  be  orthoclase,  in 
rounded  crystals  imbedded  in  a  granitic  paste ;  the  former  being 
the  chief  part  of  the  mass.  Sometimes  pieces  of  quarts  are  scat- 
tered among  the  feldspar  crystals.  The  rock  is  often  characterized 
by  a  film  of  manganese,  perhaps  coloring  an  entire  mountain 


a.  Felsite.    6.  Trachytic  Granite,    c.  Common  Granite. 

mass.  In  diflerent  parts  of  the  mountains  this  trachytic  rock 
varies  slightly,  —  perhaps  becoming  more  compact,  as  in  Albany, 
or  more  micaceous,  as  near  Mount  Osceola. 

Throughout  the  White  Mountains,  at  least  south  of  the  Lower 
Ammonoosuc  River,  it  is  easy  to  distinguish  these  two  varieties 
of  granite,  and  they  invariably  hold  the  same  relative  position  to 
each  other  everywhere.  It  is  as  easy  to  know  the  mineral  charac- 
ter of  these  mountains  from  a  knowledge  of  the  rock  at  their  bases, 
as  that  of  the  high  mounds  about  Dubuque  where  we  have  the 
succession  of  Trenton,  Galena,  and  Maquoketa,  or  Lorraine.  For 
if  the  basal  layer  is  common  granite,  we  are  sure  to  find  first  the 
trachytic  variety,  then  coarse  labradorite  or  ossipyte,  and  then 
finer  lime  felsites,  followed  by  others,  according  to  the  altitude. 
To  prove  this  statement,  I  need  only  refer  to  the  Lafayette  and 
Twin  Mountain  ranges  where  the  whole  series  is  exposed,  or  to 
Mount  Osceola  where  only  the  two  granites  appear. 
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If  these  granites  behave  like  a  stratified  formation,  of  course 
the  qaestion  is  at  once  raised  whether  they  should  not  be  regarded 
as  true  strata.  The  answer  cannot  be  given  from  position  merely, 
since  it  is  not  uncommon  to  find  sheets  of  trap  or  lava  holding  a 
perfectly  analogous  position.  We  have  preferred  to  think  of  the 
White  Mountain  country  at  the  end  of  the  Laurentian  period  as 
an  immense  basin,  upon  which  there  was  an  overflow  of  common 
granite.  Being  liquid,  it  spread  itself  out  like  water,  assuming  a 
horizontal  surface.  After  a  while  there  was  an  eruption  of  trachy- 
tic  granite,  which  spread  itself  in  the  same  way.  Subsequently 
the  felsites  were  formed  above  them,  conformably.  It  would  be 
natural  to  regard  these  granites  and  the  felsites  as  belonging  to 
one  period,  the  Norian.  The  limits  of  this  system  have  not  been 
fixed ;  and  it  seems  as  if  in  New  Hampshire  it  should  commence 
with  the  common  granite,  and  end  with  the  red  orthoclase  felsite. 

As  these  formations  still  preserve  the  nearly  horizontal  arrange- 
ment, it  would  appear  that  the  region  has  not  been  much  disturbed 
since  the  deposition  of  the  felsite,  certainly  not  enough  to  incline 
the  strata  at  any  considerable  angle.  Other  considerations  indicate 
that  the  principal  upheaving  agency  acted  in  an  earlier  period. 

III.    The  Laurentian. 

If  the  felsite  series  is  of  the  age  of  the  Upper  Laurentian  or 
Labrador  of  Logan,  then  by  the  law  of  superposition  the  strata 
underneath  the  common  granite  are  Lower  Laurentian.  Obser- 
vation showed  us,  at  this  phase  in  the  development  of  the  White 
Mountain  structure,  two  gneisses  and  a  breccia  underneath  the 
granite  sheet. 

The  most  important  is  the  "Porphyritic  gneiaa^'^  or  granite 
sometimes.  This  is  a  gneiss  having  large  crystals,  usually  one 
and  a  half  inches  long,  of  orthoclase,  arranged  in  layers  in  the 
mass,  with  the  longer  axes  parallel  to  one  another.  These  we 
conceive  to  be  the  strata.  The  formation  is  immensely  developed 
in  the  State.  Perhaps  three  ranges  of  it  occur  in  the  White 
Mountains.  The  principal  one  passes  from  Campton,  up  the 
Pemigewasset  valley  and  the  Kinsman-Moosilauk  range  to  the ' 
north  part  of  Franconia.  Another  mass  of  it,  four  or  five  miles 
long,  crops  out  in  Littleton  and  Bethlehem,  apparently  connected 
with  the  Franconia  end  of  the  range  beneath  the  "Bethlehem 
gneiss."     Another  range  is  overlaid  in  Waterville  by  the  Norian, 
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but  appears  again  in  a  small  outlier  at  the  base  of  Mount  Carri- 
gain. 

The  descriptions  of  the  Laurentian  rocks  in  Canada  and  Europe 
make  mention  of  large  quantities  of  porphyritic  gneiss ;  hence  we 
feel  warranted  in  referring  these  lower  schists  to  the  Laurentian 
system.    We  have  yet  found  nothing  older  in  the  State. 

The  "Bethlehem  gneiss "  overlies  the  porphyritic  variety.  .This 
rock  is  characterized  by  the  presence  of  chlorite,  or  else  the  green 
pinite  which  constitutes  the  principal  ingredient  .of  the  so-called 
talcose  schists  of  Northern  New  England.  The  rock  is  generally 
very  granitic;  t.6.,  the  strata  are  not  easily  made  out.  The 
formation  lies  between  Littleton  and  Randolph,  and  has  in  gen- 
eral an  east  and  west  strike;  while  the  dip  is  nearly  perpen- 
dicular. 

The  breccia  referred  to  this  period  occupies  two  small  areas  in 
Franconia,  joining  the  common  granite  at  the  "  Basin."  It  holds 
abundantly  fragments  of  porphyritic  gneiss  and  ordinary  gneisses, 
but  no  pieces  either  of  the  common  or  trachytic  granites.  The 
two  areas  are  separated  by  the  common  granite,  which  seems 
therefore  to  overlie  it. 

IV.    Relations  op  thb  White  Mountain  Gneiss. 

While  these  explorations  were  in  progress  in  the  field.  Dr.  T. 
Sterry  Hunt,  of  Boston,  devoted  his  attention  to  the  study  of 
the  relations  in  age  of  the  three  great  gneissic  areas  of  New  York 
and  New  England,  and  embodied  his  conclusions  in  the  Presi- 
dential Address  delivered  at  Indianapolis,  in  1871.  I  need  only 
refer  to  the  character  and  place  of  his  "  White  Mountain  series." 
He  used  the  term  in  a  different  sense  from  that  alluded  to  at  the 
outset.  He  included  all  the  schists,  both  gneisses  and  non-feld- 
spathic  layers,  containing  either  the  minerals  andalusite,  staurolite, 
or  cyanite,  or  that  class  of  silicates  of  alumina  devoid  of  alkalies. 
And  he  referred  the  age  of  the  series  to  the  Cambrian^  not  far 
from  the  period  of  the  Potsdam  sandstone.  Our  observations 
enable  us  to  subdivide  this  series,  in  accordance  with  our  original 
definition  (see  arUe)^  and  confidently  to  refer  the  lower  division 
to  the  Laurentian  system ;  while  the  non-feldspathic  portion  lies 
above  the  Norian,  and  may  hold  the  position  ascribed  by  Dr. 
Hunt  to  the  whole  White  Mountain  series,  in  his  very  able  and 
learned  address. 
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The  truth  flashed  upon  us  while  studying  the  strata  along  Dry 
(or  Mount  Washington)  River,  four  or  five  miles  south  of  the  Tip 
Top  House.  Passing  from  any  part  of  the  main  ridge  (from 
Mount  Washington  to  Jackson)  into  this  valley,  we  see  only  the 
common  gneiss  of  the  mountains,  often  carrying  bits  of  andalusite. 
The  dip  is  high  to  the.  north-west,  and  there  are  minute  contor- 
tions. There  are  several  varieties :  common  granitic  beds,  mostly 
quartzite,  and  a  gneiss  reminding  one  of  the  porphyritic  variety. 
These  same  members  were  observed  upon  two  tributaries  of  Dry 
River,  one  rising  from  the  notch  between  Mount  Pleasant  and 
Mount  Franklin,  the  other  from  the  notch  between  Mount  Clin- 
ton and  Mount  Jackson.  Between  the  mouths  of  these  tributaries 
an  ossipyte,  with  other  labradorite  rocks,  crops  out.  An  analysis 
of  the  labradorite,  carefully  removed  from  the  ossipyte,  shows  it 
to  be  composed  of  silica,  51.50 ;  alumina,  25.90 ;  peroxide  of  iron, 
5.00 ;   lime,  4.29 ;  soda,  2.95 ;  potash,  0.50.    Total,  100.14.    The 


White  Mountain  Qneiss. 

labradorite  rocks  assume  the  form  of  a  shallow  synclinal,  lying 
upon  the  upturned  edges  of  the  White  Mountain  series,  as  shown 
in  the  accompanying  figure.  The  dip  is  greatest  on  the  lower  end 
of  the  outlier,  and  the  quartzite  variety  underlies  it  there.  The 
junction  between  the. two  formations  was  carefully  studied  at  the 
upper  end,  where  it  is  of  the  most  importance  to  see  their  relative 
positions.  The  lime  feldspars  clearly  rest  upon  the  gneiss,  and 
the  line  of  junction  was  followed  up  a  stream  a  considerable 
distance. 

This  outlier  is  not  more  than  one  and  one-half  miles  in  length 
along  the  river.  We  have  not  yet  explored  the  forests  on  ,the 
two  banks,  but  do  not  think  it  is  as  broad  as  long.  The  section  is 
also  interesting  because  it  shows  that  the  granites  were  produced 
in  the  interval  between  the  deposition  of  the  gneiss  and  the  for- 
mation of  the  lime  feldspars.  It  also  indicates  that  the  principal 
epoch  of  elevation    among  the  White    Mountains  preceded  the 
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Norian  period,  or  at  the  close  of  the  Lanrentian.  This  statement 
presupposes  what  must  be  inferred  from  this  section  in  regard  to 
the  age  of  the  White  Mountain  gneisses,  that  they  may  be  Lau^ 
rentian.  It  is  easy,  therefore,  to  divide  the  Lanrentian  of  the 
White  Mountains  into  three  parts :  first,  the  porphyritic ;  second, 
the  andalusite  gneiss;  and  third,  the  Bethlehem  gneiss.  There 
are,  doubtless,  other  well-marked  divisions  whose  characters  can 
be  best  made  out  after  comparing  the  rocksr  of  the  northern 
with  those  in  the  southern  part  of  the  State. 

By  studying  the  map  —  not  here  reproduced  —  the  White 
Mountain  series  is  seen  to  be  cut  off  entirely  by  the  granites 
west  of  Jackson.  But  there  are  several  small  outliers  of  the 
gneiss  in  the  midst  of  the  granite,  usually  in  the  lowest  parts 
of  valleys.  A  good  example  may  be  seen  about  a  mile  above  the 
junction  of  Mount  Washington  and  Saco  Rivers.  Mountains  of 
granite  rise  one  or  two  thousand  feet  upon  both  sides  of  the  river, 
but  close  by  the  water  is  a  quarter  of  an  acre  of  the  quartzose  variety 
of  the  gneiss,  showing  precisely  the  same  dip  and  strike  as  where  it 
was  last  seen  higher  up,  before  the  interposition  of  the  granite.  A 
view  of  these  phenomena  immediately  suggested  that  the  schists 
were  not  actually  cut  off  as  might  be  supposed,  but  the  granite 
simply  overflowed  them  like  water  over  the  floor  of  a  hydrographic 
basin,  leaving  here  and  there  an  island.  Under  these  circum- 
stances, deep  excavations  would  also  uncover  small  patches  of  the 
rocky  floor,  as  in  this  instance. 

This  suggestion  may  throw  great  light  upon  the  distribution  of 
granite.  All  of  us,  who  have  studied  the  granites  of  New  Eng- 
land, have  been  puzzled  by  the  immense  areas  of  this  rock  appear- 
ing at  the  surface.  To  relieve  the  difficulty  occasioned  by  the 
immense  amount  of  granitic  material,  provided  it  descended  deep 
into  the  crust,  it  has  been  supposed  that  it  would  be  found  ex- 
tensively inter-stratified  with  schist,  or  else  that  the  observations 
required  correction.  If  we  suppose  the  granite  may  often  exist 
as  a  comparatively  thin  overflow,  like  volcanic  areas,  the  difficulty 
is  removed.  It  would  neither  be  found  in  such  enormous  quantity 
as  supposed,  and  the  observations  as  to  its  area  may  be  received 
as  correct. 
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Y.    The  Breccias  of  Mounts  Eiabsabge  and  Mote. 

Recent  explorations  show  that  Mounts  Kiarsarge  and  Mote  are 
much  like  each  other  in  mineral  composition.  At  their  founda- 
tion is  the  common  granite.  Next  comes  a  thin  sheet  of  trachytio 
granite,  presumably  less  than  two  hundred  feet.  The  labradorite 
does  not  succeed  next,  but  a  clay  slate  upon  Kiarsarge.  There 
are  two  small  outliers  of  this  rock,  upon  opposite  sides  of  the 
mountain,  neither  of  them  a  mile  long.  Higher  up  the  rocks,  on 
both  elevations,  are  breccias,  at  first  almost  entirely  composed  of 
fragments  of  slate,  and  afterwards  the  number  of  slate  fragments 
diminishes.  The  paste  sometimes  resemble  trachytic  granite. 
The  Mote  Mountain  mass  contains  fragments  of  clay  slate,  andalu- 
site  slate,  red  felsite,  and  labradorite.  Hence  the  epoch  of  eruption 
must  have  been  subsequent  to  the  formation  of  the  clay  slate 
(supposed  Cambrian). 

In  Albany  there  is  an  irregular  area  of  a  greenish  granite,  over- 
lying the  trachytic  variety,  and  beneath  the  breccia.  A  similar  rock 
occurs  on  the  Hancock  Branch  of  the  Pemigewasset,  and  probably 
elsewhere,  as  our  attention  has  only  just  been  called  to  it.  The 
Albany  area  is  represented  upon  the  map.  It  may  be  that  this 
third  species  of  granite  was  erupted  at  the  time  of  the  breaking  up 
of  the  slate.  Further  explorations  are  needed  to  make  its  history 
thoroughly  understood.  The  largest  part  of  the  area  occupied  by 
this  variety  lies  between  Mounts  Chocorua  and  Passaconnaway. 

Order  of  the  formations. 

We  may  then  conclude  the  following  to  be  the  proper  order  of 
the  formations  in  the  White  Mountain  area :  — 

1.  The  porphyritic  gneiss  of  Bethlehem  and  Littleton,  the  range 
from  Franconia  to  the  south  part  of  the  State,  an  outlier  along 
Sawyer's  River  south  of  Mount  Carrigain,  and  the  range  passing 
south-westerly  from  Waterville.  These  may  be  grouped  in  two 
parallel  ranges,  the  country  between  and  to  the  north  being  occu- 
pied by  newer  groups.  There  is  also  limited  evidence  of  the  ex- 
istence of  a  third  range  to  the  west  of  both  those  mentioned. 

2.  The  White  Mountain  series  of  gneisses  and  mica  schists 
carrying  andalusite  probably  succeed.  A  difference  in  the  strike 
of  those  two  groups  in  Thornton  suggests  the  possibility  of  an 
interval  of  time  between  their  respective  depositions. 
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3.  The  Bethlehem  gneiss  rests  nnconformably  upon  the  first- 
mentioned  rock.  Its  relations  to  the  second  series  are  yet  un- 
known. All  these  groups  are  probably  of  Laurentian  age.  They 
seem  to  have  been  elevated  before  the  commencement  of  the 
following  period.  Perhaps  the  era  of  disturbance  is  represented 
by- 

4.  A  singular  breccia,  not  yet  seen  away  from  Franconia.  It 
occupies  two  areas,  one  on  each  side  of  the  Pemigewasset  valley. 
The  fragments  are  mostly  of  porphyritic  gneiss,  with  schists  sup- 
posed to  be  of  the  second  series.  The  areas  are  separated  by 
the  common  granite,  which  was  probably  ejected  in  the  follow- 
ing period,  since  none  of  its  fragments  appear  in  the  adjoining 
breccia. 

5.  The  Norian  series,  These,  as  already  mentioned,  consist  of 
(a)  common  granite;  (b)  trachytic  granite;  (c)  ossipyte;  (d) 
compact  labradorite  felsite;  (e)  dark  compact  orthoclase  felsite; 
(f)  red  compact  and  crystalline  orthoclase  felsites. 

6.  Period  of  the  eruption  of  the  syenites  of  Tripyramid,  Red 
Hill,  &c. 

7.  There  seems  to  be  a  blank  in  the  direct  sequence  of  events 
after  the  eruption  of  the  syenites.  A  clay  slate  succeeds  the 
Norian  directly  in  the  vicinity  of  the  Crawford  House ;  and  were 
this  the  only  locality  where  the  lower  and  upper  layers  appear  in 
contact,  there  would  exist  no  evidence  of  the  immense  thicknesses 
of  schists  which  have  probably  been  intercalated  at  this  horizon. 
In  Stark  and  Northumberland,  a  dark  silicious  rock,  somewhat 
argillaceous,  more  or  less  suggestive  of  the  slates  of  Mounts  Tom^ 
Webster,  and  Willey,  lies  adjacent  to  the  felsites,  but  standing 
vertically,  and  usually  at  a  lower  level.  Supposing  the  slaty 
rocks  of  Willey  and  Stark  of  about  the  same  age,  and  both  sub- 
sequent to  the  Norian  group,  their  present  position  may  perhaps  be 
explained  thus.  The  older  Laurentian  and  the  felsite  deposits  may 
have  been  very  firmly  established,  so  as  not  to  suffer  great  dis- 
turbance. But  the  forces  of  upheaval  continuing  to  act,  they  may 
have  been  brought  nearer  to  each  other  by  lateral  action,  yet  not  in 
such  a  way  as  to  tilt  the  strata.  The  consequence  would  have  been 
the  crowding  and  upheaval  of  the  strata  formed  in  the  basins 
between  the  earlier  hills.  These  latter  being  near  together,  the 
slates  may  have  been  thrown  upon  their  edges  without  disturbing 
the  horizontality  of  the  former.  This  view  will  not  indicate  how 
long  a  time  elapsed  between  the  close  of  the  Norian  and  the 
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beginning  of  the  Coos  (or  slate)  periods.  Our  explorations  reveal 
not  less  than  three  great  groups  which  it  is  reasonable  to  suppose 
filled  this  interval  of  time.  They  are  (1)  a  range  of  gneiss  between 
Whitefield  and  En'ol ;  (2)  another  gneiss  running  south  from 
LandafT;  and  (3)  the  green  schists  of  the  Ammonoosuc  and  Con- 
necticut valleys,  called  "  Quebec  "  in  my  first  report,  but  perhaps 
better  referable  to  the  Huronian  of  Canada.  To  prove  this  to 
be  the  proper  place  of  these  great  groups  will  require  further 
study. 

8.  The  place  of  the  clay  slates  of  Mounts  Tom,^  Willard,  Kiar- 
sarge,  ifec.  Closely  connected  with  them  are  the  andalusite  slates 
or  schists  found  along  the  carriage-road  up  the  east  side  of  Mount 
Washington.  These  may  be  referred  to  the  Cambrian,  from  litho- 
logical  resemblances. 

9.  Other  disturbances  followed.  This  was  most  likely  the  era 
of  the  eruption  of  the  greenish  granites  of  Albany ;  certainly  the 
time  when  the  breccias  of  Mounts  Kiarsarge  and  Mote  accumu- 
lated from  the  breaking  down  of  the  Coos  rocks.  These  slates 
show  marks  of  powerful  disturbance  near  Conway,  and  also  upon 
Mount  Washington. 

.10.  The  latest  period  of  unrest  among  the  mountains,  of  which 
any  evidence  is  aflTorded,  is  indicated  by  the  presence  of  highly 
inclined  Helderberg  limestones  in  Littleton,  beyond  the  proper 
area  of  the  White  Mountains.  The  mountains,  however,  must 
have  moved  westerly  in  order  to  elevate  these  Devonian  rocks. 
The  period  is  probably  the  one  considered  by  most  previous 
authors  as  the  time  when  the  White  Mountains  themselves  were 
projected  into  the  air,  at  the  close  of  the  Palseozoic  age. 

The  complete  history  of  the  White  Mountain  area  would  require 
some  notices  of  the  Glacier  or  Drift  Period.  The  lateness  of  the 
hour  will  prevent  the  elucidation  of  this  chapter  in  the  history. 

Thus  our  explorations  have  brought  to  light  the  existence  of 
ten  distinct  periods,  whose  records  can  be  traced  upon  the 
scarred  sides  of  these  highest  mountains  in  New  England.  No 
previous  essay  speaks  of  more  than  two.  If  our  limited  oppor- 
tunities have  led  to  such  unexpected  results,  what  may  we  not 
look  for  when  the  geological  structure  of  the  entire  metamorphic 
area  of  New  England  has  been  carefriUy  studied !  It  is  strange 
that  this  interesting  region  has  been  so  thoroughly  neglected  by 
geologists. 
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3.  The  Subface  Geology  of  Nobth-Westebn  Ohio.    By  N. 
WrscBJSLLy  of  St.  Anthony,  Minnesota. 

The  Geological  Survey  of  Ohio,  now  in  progress,  has  brongbt 
under  careful  and  systematic  observation  one  of  the  most  favor- 
able fields  for  the  study  of  the  phenomena  of  the  Post^Tertiary. 
Its  most  interesting  feature  is  the  series  of  long  and  nearly  par- 
allel ridges  which  are  traceable  across  the  country,  sometimes  for 
a  distance  of  over  a  hundred  miles,  commonly  known  as  lake- 
ridges^  sweeping  far  toward  the  south  and  west,  and  entering  the 
States  of  Indiana  and  Michigan.  It  is  a  circumstance  peculiarly 
favorable  for  the  study  as  well  as  for  the  preservation  of  these 
ridges  through  their  long  continuity,  that  the  geological  confor- 
mation of  the  rocky  surface  below  is  uniformly  smooth  throughout 
the  whole  of  the  district  which  they  traverse.  The  rocks  nave, 
in  North-Western  Ohio  and  North-Eastern  Indiana,  in  general, 
one  common  character.  They  are  the  limestones  ranging  firom 
the  Niagara  to  the  Black  Slate^  including  both.  These  are  spread 
over  double  their  usual  supei-ficial  area  of  outcrop  by  the  occur- 
rence of  an  anticlinal  axis — of  which  the  Niagara  forms  the  arch — 
which  runs  south-westward  from  the  west  end  of  Lake  Erie, 
nearly  uniting  with  the  Cincinnati  axis  of  upheaval.  The  SaUna^ 
which  by  its  erosible  character  has  played  an  important  part  in 
determining  the  location  of  some  of  the  great  lakes  of  Central 
North  America,  is  found  wanting  in  the  geological  series  in  Ohio, 
south  and  west  of  Lake  Erie.  It  has  a  feeble  existence  round 
the  shores  on  the  south,  giving  rise  to  some  of  the  deepest  inden- 
tations of  coast;  but  it  is  very  soon  replaced  by  that  member  of  the 
Hdderberg^  known  as  the  Waterlime  in  the  Reports  of  the  Ohio 
Geological  Survey,  thus  forming  an  unbroken  chain  of  calcareous 
rocks  of  very  uniform  hardness,  including  the  Niagara^  the  Waier* 
lime^  the  Comi/eraics  (Lower  and  Upper),  and  tKe  HatniUon.  To 
this  list  must  be  added  the  Black  SlcUe^  the  endurance  of  which 
under  the  forces  of  the  glacial  epoch  entitles  it  to  be  ranked  with 
the  most  persistent  of  the  palaeozoic  formations. 

This  series  of  rocks  occupies  the  surface  of  most  of  the  Fourth 
Geological  District  of  Ohio ;  «.€.,  from  the  Sandstone  area  in  the 
central  portion  of  the  State,  westward  to  and  across  the  boundary 
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line  into  the  State  of  Indiana,  and  a  strip  along  the  west  end  of 
Lake  Erie  extending  into  Michigan. 

The  whole  of  this  tract  is  a  vast  plain  of  uniform  and  monoto- 
nous character.  It  was  originally  densely  .wooded,  with  the  excep- 
tion of  a  few  flat  tracts  now  known  as  prairies,  which  were  too 
wet  throughout  the  germinating  season  of  the  year  to  permit 
the  growth  of  trees.  It  is  now  being  cleared,  drained,  and  occu- 
pied by  farmers.  The  "  Cliff  Limestone  "  here,  unlike  its  appear- 
ance in  other  parts  of  the  country,  is  unworthy  of  its  ancient  name. 
It  never  rises  in  diffs.  There  are  no  sudden  changes  of  level. 
The  drainage  of  the  country  is  almost  entirely  independent  of  the 
tortuosities  of  the  geological  boundaries.  The  whole  district  is 
a  vast  tabula  rasoy  on  which  the  history  of  the  Post  Tertiary  is 
written  without  those  perplexing  and  disguising  variations  which 
have  very  often  misled  the  student  who  would  read  it  in  more 
rocky  and  broken  places.  This  is  particularly  true  over  the  areas 
of  the  Niagara  and  Water  limestones.  While  lihe  rock  itself 
does  not  rise  in  abrupt  escarpments,  nor  sink  in  deep  depressions, 
there  is,  besides  a  general  slope  of  the  surface  toward  the  valley 
of  Lake  Erie,  a  series  of  ridges  and  undulations,  pertaining  to  the 
drift,  which  have  had  a  marked  influence  in  giving  direction  to  the 
streams. 

By  the  term  dr^  is  meant  every  thing  which  lies  on  the  rocky 
surface,  including  boulders,  gravel,  sand  and  clay,  whether  strati- 
fied or  unstratified,  of  whatever  thickness,  and  whether  separate 
or  mixed. 

By  the  term  unmodified  drift  is  meant  that  drift  which  lies  as 
the  glacier  deposited  it,  whether  stratified  or  unstratified.  K  strati- 
fied and  assorted,  it  was  done  by  streams  of  water  issuing  immedi- 
ately from  the  ice  of  the  glacier,  or  by  water  choked  and  confined 
in  pools  or  lakes  round  the  foot  of  the  glacier. 

Modified  drift  is  that  which  has  subsequently  been  submerged, 
and  its  arrangement  and  character  essentially  changed.  It  may 
be  stratified  or  unstratified.  The  drift  of  the  Bhiff  Formation  of 
the  Mississippi  Yalley,  and  all  alluvium  of  smaller  streams,  as  well 
as  the  sand  which  lies  about  the  shores  of  the  great  lakes,  are  ex- 
amples of  modified  drift. 

By  the  term  hardpan  is  meant  that  portion  of  the  unmodified 
drift  which  embraces  gravel,  boulders,  sand,  and  clay,  hetero- 
geneously  mixed,  generally  plastic,  and  impervious  to  water.  The 
boulders  of  this  clay,  in  North- Western  Ohio,  almost  iirvarijibly 
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show  glaciated  surfaces.  It  has  sometimes  been  called  ^boulder 
clay." 

In  this  discussion  of  the  Surface  Geology  of  North- Western 
Ohio,  we  shall  accept  the  glacier  theory  of  Professor  L.  Agaaaiz 
as  the  only  satis&ctory  way  to  explain  the  various  phenomena 
there  disclosed.     It  is  believed  that  the  simple  approach,  pro-  ; 

longed  presence,  and  slow  retreat  of  a  glacier  covering  the  region         ^ 
under  consideration,  will  account  for  all  its  drift  phenomena ;  and  4 

that  there  is  in  North- Western  Ohio  no  evidence  either  of  the 
Champlain  or  the  Terrace  Epochs,  as  those  terms  have  been  de- 
fined and  applied  to  States  further  east. 

In  this  discussion  the  subject  will  be  divided  in  the  following 
way:  — 

I.  The  Character  of  the  Drift  in  general. 

(a)  Where  consisting  entirely  of  hardpan. 

(b)  Where  the  surface  is  laminated. 

(c)  How  the  drift  was  deposited. 

II.  The  Moraine  Ridges.  i 

(a)  The  St.  John's  Ridge. 

a.  Its  location. 

/3.  Its  external  form.  i 

y.  Its  contents. 

d.  Its  altitude  above  Lake  Erie. 

e.  Its  origin.  ^ 

{h)  The  Wabash  Ridge. 

a.  Its  location.  *  I 
j3.  Its  external  form. 

7.  Its  contents.  ! 

d.  Its  altitude  above  Lake  Erie. 

e.  Its  origin. 

(c)  The  St.  Mary's  Bidge. 

ix.  Its  location. 

j3.  Its  external  form.  * 

y.  Its  contents. 

b.  Its  altitude  above  Lake  Erie. 
e.  Its  origin. 
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(d)  The  Van  Wert  Bidge. 

a.  Its  location. 

^,  Its  external  form, 

7.  Its  contents. 

d.  Its  altitude  above  Lake  Erie. 

e.  Its  origin. 

(e)  The  Blanchard  JRidge.^ 

a.  Its  location. 

§.  Its  ei^temal  form. 

7.  Its  contents. 

d.  Its  altitude  above  Lake  Erie. 

e.  Its  ori^. 

(/)  The  Bebnore  Bidge. 

a.  Its  location. 

^,  Its  external  form. 

7.  Its  contents. 

d.  Its  altitude  above  Lake  Erie. 

e.  Its  origin. 

III.  The  Lacustrine  Area. 

(a)  Evidences  of  submergence,  —  their  altitude. 

a.  "  Limestone  ridges." 

/3.  Ozars. 

7.  Laminated  clays. 

d.  Cause  of  this  submergence. 

e.  The  presence  of  the  glacier. 

IV.  Glacier  Marks,  —  their  Direction. 

V.    No  evidence  of  the  Champlain  Epoch. 
VL    No  evidence  of  the  Terrace  Epoch. 


*  In  the  Ohio  (^logical  Beports  for  1871,  this  ridge  is  named  the  JLeipsic 
Ridge,  because  of  its  chief  development  and  farorable  exposure  in  sections  by 
the  operations  of  the  railroad  at  that  place,  in  Putnam  County,  Ohio.  But 
obserrations  made  in  the  season  of  1872  proved  that  its  development  there  was 
confined  to  the  inner  margin  only  of  a  greater  and  wider  moraine,  which  deflects 
the  Blanchard  Biver  firom  flowing  north  direct  to  Lake  Erie ;  and  the  name 
BUmchard  Ridge  has  been  substituted  to  cover  the  whole  moraine. 
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I.  The  Chabacteb  of  the  Drift  in  General. 

(a)    Where  consisting  eniirdy.  of  Hardpan. 

In  general,  it  is  true  to  say  that  North-  Western  Ohio  is  covered 
with  hardpan  drift.  It  lies  on  the  rock,  and  it  rises  to  the  surface 
forming  the  soil.  Wells  penetrating  it  get  no  water,  except  from, 
seepage,  before  reaching  the  stratum  of  gravel  which  often  inter- 
venes between  it  and  the  rock.  Its  thickness  varies  from  twenty- 
five  to  one  hundred  feet.  It  is  impervious  to  water,  and  serves  in 
many  instances  as  the  confining  stratum  for  the  water  of  artesian 
wells.  The  slope  of  the  surface  being  very  gradual,  and  uniformly 
toward  the  main  axis  of  the  Lake  Erie  valley,  such  artesian  wells 
are  found  in  many  widely  separated  parts  of  the  district  under 
consideration.  The  water  rises  generally  not  over  ten  feet  above 
the  surface,  and  proceeds  from  the  depth  of  fifty  to  a  hundred 
feet.  This  hardpan  drift  lies  like  a  thick  and  heavy  mantle  on 
the  rocky  surface,  covering  it  from  sight  to  the  height  of  over  six 
hundred  feet  above  the  level  of  Lake  Erie.  It  extends  to  and 
beyond  the  water-shed  between  Lake  Erie  and  the  Ohio  River ; 
but  toward  the  south  it  becomes  more  gravelly  and  gives  place  to 
knolls  and  ridges,  which  consist  mainly  of  stratified  materials. 
While  the  mass  of  the  hardpan  is  clay,  it  embraces  great  quantities 
of  stones,  gravel  and  boulders.  The  boulders,  although  not 
wanting  at  any  horizon  in  the  mass,  are  yet  more  abundant  near 
the  bottom.  They  are  generally  of  foreign  origin,  embracing 
representatives  of  the  Huronian,  Laurentian,  and  trappean  rocks 
of  Canada  and  Northern  Michigan ;  but  they  are  apt  also  to  con- 
sist largely  of  fragments  from  the  rock  in  situ.  It  has  been  ob- 
served that,  while  the  former  are  scattered  throughout  the  hardpan 
from  top  to  bottom,  the  latter  are  usually  seen  only  near  the 
bottom,  or  in  such  positions  as  to  leave  no  room  to  doubt  that 
they  lay  originally  below  the  hardpan,  or  near  its  base,  and  have 
been  made  to  appear  superficial  by  the  removal  of  the  clay  and 
overlying  drift.  They  are  all  apt  to  show  one  or  more  glaciated 
surfaces. 

Sometimes,  in  penetrating  this  hardpan  deposit,  isolated,  lentic- 
ular beds  of  assorted  materials  are  met  before  reaching  the  bottom. 
They  are  also  occasionally  seen  in  the  banks  of  streams,  where  a 
fresh  section  may  show  a  handsome  oblique  stratification  of  gravel 
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or  sand.  Such  beds  of  stratified  materials,  embraced  in  the  hard- 
pan,  are  more  and  more  frequent  toward  the  south,  or  in  those 
regions  contiguous,  east,  west,  or  north,  which  have  a  rougher  rock 
surface,  or  which  rise  too  high  to  have  been  subjected  to  the  same 
forces  as  those  which  operated  to  bring  about  the  surface  features 
of  the  Fourth  District. 

(ft)    Where  the  Surface  is  ktmincUed. 

In  some  parts  of  the  Fourth  District,  the  limits  of  which  are 
not  yet  accurately  ascertained,  the  surface  of  the  drift  is  finely 
laminated  in  horizontal  strata.  These  stratified  beds  have  some- 
times a  thickness  of  over  twenty-five  feet,  but  are  not  known  to 
exceed  thirty.  They  consist  principally  of  fine  clay  and  sand. 
The  layers  of  clay  may  be  three  or  four  inches  in  thickness,  but 
the  layers  of  sand  are  generally  less  than  an  inch.  It  seems  diffi- 
cult in  some  instances  to  determine  the  thickness  of  either  the 
clay  or  the  sand  beds,  one  passing  into  the  other  with  impercep- 
tible changes.  These  beds  embrace  no  boulders,  stones,  or  gravel. 
Their  junction  with  the  hardpan  below  is  marked  by  irregularities. 
The  stratification  becomes  oblique  instead  of  horizontal.  It  is 
sometimes  wavy  and  curled,  the  beds  being  wrapped  about  and 
in  other  ways  enclosing  small  masses  of  hardpan  containing  gravel 
and  stones.  Sometimes  the  hardpan  rises  suddenly  in  the  midst 
of  this  stratification,  nearly  or  quite  to  the  surface  of  the  ground, 
the  beds  showing  but  little  distortion,  but  losing  themselves  grad- 
ually in  the  confused  mass.  This  condition  of  the  surface  of  the 
drift  in  North- Western  Ohio  prevails  along  the  main  watercourses, 
like  the  Maumee  and  the  Sandusky  Rivers.  It  is  beautiftilly  ex- 
posed at  Toledo,  where  the  steam  dredge  has  made  a  way  for  the 
steam  car  into  the  city  from  the  north.  It  is  also  exposed  in  the 
^  Blue  Banks,"  near  Fremont,  as  well  as  at  numerous  other  places 
along  the  banks  of  those  rivers.  This  is  not  the  uniform,  nor 
even  the  usual,  condition  of  the  surface  of  the  drift  even  along  the 
main  drainage  valleys ;  and  at  places  remote  from  these  streams 
it  is  apt  to  be  altogether  wanting,  the  hardpan  rising  to  the 
surface.* 


*  For  detailed  descriptioDB  and  sections  illustrating  the  junction  of  the  strati- 
fied with  the  unstratifled  drift,  see  the  Ohio  Geological  Reports,  under  "  The 
Drift  in  North- Western  Ohio/'  1871. 
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(c)  How  t?ie  Hardpan  was  deposited. 

This  of  course  is  a  subject  of  speculation  and  hypotliesia,  but 
it  has  been  the  source  of  some  of  the  warmest  discussions  in  strictly 
scientific  circles  during  the  past  forty  years.  The  glacier  hypoth- 
esis of  Professor  L.  Agassiz  is  however  now  very  generally  ao-* 
cepted  by  geologists,  especially  of  the  younger  class;  and  it  is 
the  only  hypothesis  which  will  account  for  the  surface  geology  of 
North- Western  Ohio.  The  action  of  the  glacier  has  been  invoked 
to  account  for  the  glaciated  surface  of  the  rock,  and  to  some 
extent  for  the  transportation  of  northern  boulders.  The  present 
condition  of  the  drift,  however,  has  been  ascribed  to  a  subsequent 
submergence  beneath  an  ocean,  or  inland  lake  of  fresh  water,  with 
imaginary  boundaries  and  fictitious  barriers.  Over  this  sea,  ice- 
bergs floated,  bearing  the  materials  of  the  vast  drift-sheet,  which 
being  dropped  in  the  waters  are  supposed  to  have  been  distributed 
and  arranged  by  waves  and  currents  as  we  now  see  them.  Omit- 
ting now  various  considerations  which  militate  against  the  iceberg 
theory,  it  seems  reasonable  to  suppose  the  grinding  progress  of  the 
glacier  would  be  ample  to  produce  and  to  bear  along  the  fine  as 
well  as  the  coarse  portions  of  the  drift 

Toward  the  close  of  the  Glacial  Epoch,  after  the  great  sheet  of 
continental  dimensions  had  retired  from  Ohio,  leaving  only  the 
valleys  and  fiords  filled  with  moving  ice,  it  may  be  supposed  that 
a  local  glacier  filled  and  continued  to  pass  up  the  St.  Lawrence 
valley,  deriving  its  origin  and  impetus  from  the  Laurentian  high- 
lands of  Canada.  It  is  sufficient  to  say  that  it  has  been  ascertained 
that  the  ice  moved  up  that  valley  in  the  south-westerly  direction, 
thrusting  itself  up  on  the  northern  slopes  of  the  States  of  Ohio 
and  Indiana.  This  valley  properly  embraces  these  slopes,  and 
includes  the  areas  of  Lakes  Erie  and  Ontario.  The  New  England 
and  New  York  highlands,  with  their,  north-eastern  extension  into 
New  Brunswick  and  Nova  Scotia,  probably  gave  the  impulse  to  the 
south-westerly  flow  of  the  ice,  diverting  it  firom  its  normal  north- 
south  direction.  From  the  north  it  received  constant  additions, 
and  it  escaped  in  a  southerly  direction  over  its  southern  barrier 
wherever  it  could  find  egress.  Some  streams  passed  over  New 
England,  reaching  the  ocean ;  one  went  down  the  Lake  Champlain 
and  Hudson  River  valley ;  others  dug  the  fiord  lakes  in  Central 
New  York;  one  excavated  deep  the  Cuyahoga  valley;  but  the 
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foot  of  the  main  mass  of  ice  was  protruded  up  into  the  cuUde^ac 
of  the  Maumee  valley,  where  no  shale-beds  existed  to  permit  the 
excavation  of  narrow  lakes  or  deep  river  channels.  Here,  at  this 
period  of  the  ice  age,  its  force  was  spent.  Let  ns  for  a  moment 
consider  what  would  be  the  condition  of  such  a  moving,  ploughing 
field  of  ice,  but  only  in  its  relations  to  the  drift  which  it  bore 
along.  Where  was  the  detritus  which  subsequently  made  the 
hardpan  ?  It  cannot  have  been  as  a  whole  under  the  glacier,  for 
the  long  uniformity  of  the  glacier-marks  points  to  the  immediate 
presence  of  the  graver  in  the  form  of  a  solid  frozen  mass,  holding 
the  boulders  to  their  places.  It  must  have  been  either  frozen 
within  the  ice  of  the  glacier,  distributed  through  it  from  top  to 
bottom,  or  it  must  have  lain  on  the  top.  Fine  dust  and  detritus 
will  accumulate  on  the  top  of  glacier  ice  even  in  the  steep  descents 
of  the  Alps,  and  on  the  mer  de  glace  where  no  boulders  can  mingle 
with  it.  The  violence  of  storms  in  those  mountain  regions  is  said 
to  be  very  great,  gusts  of  wind  carrying  dust  and  sand  over  the 
mountain  ridges,  and,  sweeping  through  the  valleys,  strewing  the 
surface  with  foreign  matter.  Were  it  not  that  this  is  annually 
covered  with  a  new  fall  of  snow,  thus  producing  the  alternations 
of  dirt  and  ice,  which  have  caused  some  discussion  touching  the 
internal  structure  of  Alpine  glaciers,  we  cannot  say  how  thick  the 
dirt  accumulated  would  not  become.  Reference  may  also  be  made 
to  the  occurrence  of  "  sand  pyramids  "  on  the .  surface  of  Alpine 
glaciers  described  by  Professor  L.  Agassiz.  Now  the  St.  Lawrence 
glacier  differed  from  Alpine  glaciers,  and  fi*om  all  glaciers  that 
have  been  studied  by  man,  in  two  very  important  particulars :  1st, 
Instead  of  passing  down  steep  descents,  by  which  the  fine  materials 
would  be  lost  in  the  streams  of  turbid  water  which  would  run 
over  it  and  from  it,  the  St.  Lawrence  glacier  ascended — at  least 
after  it  received  form  and  direction  in  the  St.  Lawrence  valley  — 
a  gentle  incline,  and  occupied  a  broad  valley  which  received  a 
number  of  streams  carrying  their  own  freshet  debris,  .  2d,  Instead 
of  descending  suddenly  below  the  hoel  of  perpetual  ice,  and  so 
thawing  out  rapidly,  the  St.  Lawrence  glacier  passed  southward 
beyond  the  latitude  of  perpetual  glaciation,  actually  ascending 
instead  of  descending  as  it  entered  a  warmer  climate.  These  cir- 
cumstances served  to  prolong  the  stream  of  ice,  and  to  retain  the 
finest  parts  of  the  drift.  The  surface  of  the  glacier  was  the  level 
of  the  country.  The  surface  of  glaciers  in  the  Alps  sinks  away 
by  the  melting  of  the  ice  from  five  to  ten  feet  annually.    The  St. 
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Lawrence  glacier  mnst*  have  suffered  in  the  same  way.  All  acca- 
molations  frozen  within  the  ice  would  therefore  tend  to  become 
superficial,  and  to  ride  on  the  surface  of  the  glacier.  In  that  way 
it  would  become  covered  with  a  sheet  of  drift  consisting  both  of 
fine  and  coarse  materials  in  a  confused  mixture.  Whatever  may 
have  been  the  position  of  this  detritus  in  latitudes  further  north, 
for  some  miles  before  the  ice-sheet  became  too  attenuated  to  main- 
tain its  progress  it  must  have  been  mainly  on  the  top  of  the  ice. 
As  fast  as  the  ice-sheet  was  contracted,  this  even  spreading  of  un- 
assorted drift  was  allowed  to  rest  slowly  down  on  the  rocky  surface, 
covering  the  glacial  marks  and  preserving  them  from  obliteration. 
Wherever  water  was  sufficient  to  assort  the  drift  in  the  act  of 
deposition,  the  clayey  constituents  were  washed  out  and  beds  of 
stratified  gravel  and  sand  were  formed. 

n.    The  Mobainb  Ridges. 

In  North -Western  Ohio  are  six  long  and  continuous  ridges, 
popularly  known  and  regarded  as  ancient  Icike  becLchea.  They  have 
a  great  similarity  in  form,  direction,  and  sometimes  in  contents,  to 
beaches ;  and  their  general  conformity  to  the  shape  of  the  coast- 
line of  the  west  end  of  Lake  Erie  probably  suggested  the  beach 
theory  for  their  explanation. 

It  must  be  admitted  also  that  some  geological  observers  and 
writers  have  accepted  the  beach  theory  of  their  origin,  and  have 
given  them  a  place  in  the  closing  events  of  the  Terrace  Epoch.  This, 
we  believe,  has  been  done  inconsiderately.  Sir  Charles  Lyell,  in  his 
**  Travels  in  North  America,"  was  exceedingly  reserved  in  his  ex- 
pressions of  opinion  as  to  their  cause.  Tet  afler  making  a  traverse 
of  similar  ridges  north  from  Toronto,  he  says:  **The  hypothesis 
which  attributes  such  appearances  to  the  successive  breaking  down 
of  the  barriers  of  an  ancient  lake  or  ocean  of  fresh  water  has  now 
been  very  generally  abandoned,  from  the  impossibility  of  conceiv- 
ing where  in  North  America,  as  in  the  west  of  Scotland,  the  lands 
capable  of  damming  up  the  waters  to  such  heights  could  have  been 
situated ;  or  how,  if  they  ever  existed,  they  could  have  disappeared, 
while  the  levels  of  the  ancient  beaches  remained  undisturbed." 
He  concludes  by  saying  that  he  considers  ^the  ridges  and  other 
marks  of  ancient  water  levels  between  Toronto  and  Lake  Simcoe 
as  referable,  some  of  them,  to  ancient  beaches  and  lines  of  cliff 
formed  on  the  margins  of  channels  of  the  sea ;  others,  including 
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some  of  the  loftiest  ridges,  as  having  originated  in  banks  or  bars 
of  sand  formed  not  at  the  extreme  edge  of  a  body  of  water,  but  at 
some  distance  from  the  shore,  in  proportion  as  the  water  obtained 
a  certain  shallowness  by  the  upheaval  of  the  land."  Colonel 
Charles  Whittlesey  .considers  those  ridges  on  the  south  side  of 
Lake  Erie,  at  Cleveland,  and  east  of  that  city,  as  sand-bars  formed 
by  the  joint  action  of  waves  and  currents  near  the  shore  of  that 
like  when  it  stood  higher  than  it  does  now.  Professor  J.  S.  New- 
berry adopts  the  beach  theory  to  explain  these  ridges,  and  regards 
them  as  evidence  of  extensive  subsidence  of  the  continent  below 
the  sea.  Mr.  G.  K.  Gilbert  was  the  first,  we  believe,  to  question 
this  explanation,  and  to  suggest  that  two,  at  least,  of  the  ridges 
in  North -Western  Ohio  are  caused  by  "buried  terminal  mo- 
raines." 

During  the  season  of  field-work  of  1871,  and  to  the  present 
time  in  the  season  of  1872,  considerable  attention  has  been  given 
to  the  location,  form,  and  contents  of  these  ridges.  They  are  fully 
and  specially  described  in  the  Ohio  Geological  Reports,  not  yet 
published,  with  diagrams  and  sketches  to  illustrate  the  arrange- 
ment of  the  materials  of  which  they  are  composed.  At  this  time 
nothing  can  be  given  but  a  general  description,  referring  to  those 
reports  for  confirmatory  details. 

(a)   The  JSIt.  John's  Ridge. 
a.  Its  Location, 

This  is  so  named  from  the  village  of  St.  John's,  in  Auglaize 
County,  where  it  has  a  remarkable  development.  It  enters  Au- 
glaize County  irom  the  north-east,  or  rises  so  as  to  become  dis- 
tinguishable in  the  north-west  quarter  of  Wayne  Township.  It 
continues  in  a  south-westerly  direction  past  the  village  of  St. 
John's,  crossing  the  Dayton  and  Michigan  Railroad  at  Botkin's 
Station.  The  village  of  New  Bremen  is  a  little  south  of  the  sum- 
mit of  this  ridge.  Chickasaw  and  Carthagena  are  each  about  a 
mile  north.  It  forms  a  barrier  along  the  north  side  of  the  Wabash 
in  the  south-western  part  of  Mercer  County,  preventing  its  direct 
flow  northward  till  it  finally  passes  the  ridge  at  Fort  Recovery. 
Further  west,  in  Indiana,  it  is  believed  to  govern  the  direction  of 
the  Salamoine  River,  although  it  has  not  been  examined  in  that 
State.  In  Auglaize  Township,  Allen  County,  it  seems  to  coalesce 
with  the  Wabash  Ridge,  the  two  producing  what  is  known  there, 
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and  especially  at  Maysville,  as  the  great  dividing  ridge,  since  it 
actually  forms  the  summit  of  the  watershed  between  Lake  Erie 
and  the  Ohio  JRiver. 

p.  Its  External  Form, 

In  Allen  and  Auglaize  Counties  the  external  form  of  this  ridge 
is  that  of  a  rolling  and  bluffy  strip  of  land,  rising  from  the  level 
of  the  adjoining  clay  flats  sometimes  to  the  height  of  forty  or  fifty 
feet.  In  Shelby  and  Mercer  Counties  it  is  less  noticeable,  some- 
times sinking  away  so  as  to  be  observable  only  by  the  use  of  the 
spirit-level.  Its  direction,  however,  even  in  these  low  places,  is 
indicated  by  the  line  of  gravel-pits  which  have  been  opened  in 
the  low  mounds  which  it  forms.  Its  width  is  generally  about 
half  a  mile,  but  may  be  a  mile. 

7.  Its  Contents. 

It  consists  essentially  of  the  coarser  parts  of  the  drift.  The 
immediate  surface,  except  in  the  most  rolling  parts,  is  of  brown 
clay  hardpan,  which  forms  the  soil,  and  differs  very  little  from  the 
subsoil  of  the  flat  tracts  on  either  side.  It  is,  however,  apt  to  be 
more  gravelly,  and  sometimes  large  stones  and  boulders  are  seen 
on  the  surface.  Where  .the  surface  is  very  broken,  it  is  very  gravelly 
and  even  stony.  This  covering  of  hardpan  is  apparently  thicker 
in  the  low  parts  of  the  ridge,  or  where  it  sinks  away  so  as  to  be 
less  noticeable.  Below  the  hardpan,  gravel  and  sand  in  oblique 
and  handsome  stratification  are  met  with.  In  this  gravel  and 
sand  are  occasional  places  which  show  a  mixture  of  gravel  and 
sand,  without  stratification  or  assortment,  yet  with  no  clay.  Some- 
times also,  in  the  midst  of  this  confused  mixture  of  gravel  and 
sand,  may  be  seen  a  collection  of  stones  and  boulders,  from  the 
size  of  a  few  inches  in  diameter  to  two  or  three  feet.  These  may 
all  be  confined  to  the  space  of  two  or  three  cubic  yards,  and  may 
have  mixed  with  them  some  coarse  gravel.  They  may  hold  any 
position  in  relation  to  the  rest  of  the  ridge  apd  its  contents.  They 
may  underlie  or  overlie  beds  of  coarse  or  fine  gravel  or  of  sand, 
or  mixed  beds  of  coarse  gravel  and  fine  sand  with  no  assortment. 
They  have  been  seen  sometimes  to  lie  in  a  kind  .of  wedge-shaped 
pocket,  pointing  upward,  with  alternations  of  beds  of  coarse  and 
fine  gravel  or  sand  placed  on  either  side,  or  on  only  one  side,  the 
latter  showing  some  assortment  and  stratification.  In  rare  in- 
stances, balls  and  irregular  masses  of  hardpan  clay  of  a  foot  or  a 
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yard  in  diameter  have  been  seen  imbedded  and  embraced  in  beds 
of  sand  and  gravel,  which  latter  would  in  that  case  be  generally 
stratified  about,  and  accommodated  to  the  exterior  of^  the  hardpan 
mass.  It  ig  not  known  to  'what  depth  this  gravel  and  sand  ex- 
tends. It  at  least  is  known  to  be  the  immediate  cause  of  the 
ridge,  since  where  it  is  wanting  the  ridge  is  low  or  almost  lost. 
It  is  most  likely,  however,  that  a  contifluous  deposit  of  the  same 
kind  of  materials,  in  the  form  of  a  ridge,  lies  below  the  hardpan 
in  the  whole  extent  of  the  St.  John's  Ridge,  resting  on  the  rock, 
and  that  under  favorable  circumstances  the  deposition  was  greatly 
increased  at  certain  places. 

<5.  Its  Altitude  above  Lake  Erie. 

The  following  list  of  elevations  above  Lake  Erie  will  convey  a 
general  idea  of  the  height  of  the  St.  John's  Ridge  above  that 
lake,  and  will  show  the  variations  of  level  to  which  it  is  liable.  It 
must  be  admitted,  however,  that  these  figures  require  some  allow- 
ance for  the  effect  of  railroad  grading,  and  the  uncertainties  of 
single  barometrical  measurements.  The  altitude,  490  feet,  at  St. 
John's  is  considerably  above  the  usual  height  of  the  ridge,  since  it 
there  has  a  remarkable  development. 

Elevations  on  thb  St.  John's  Bidoe  aboyb  Lake  Ebie. 

St.  John's,  summit  of  hill  (G.  K.  Gilbert,  by  barometer)*   .    490  feet. 
St.  John's,  main  street,  below  the  hotel,  north  of  the  hill      .    436    „ 
St.  John's,  surface  of  a  little  stream  west  of  the  village    .     .    894    „ 
[The  last  are  by  Locke's  level  from  Gilbert.     These 
three  elevations  are  all  within  the  village,  and  show 
an  extreme  difference  of  96  feet  between  the  base  and 
the  top  of  the  ridge.] 
Botkin's  Station,  Dayton  and  Michigan  Railroad    ....    441    „ 

New  Bremen,  Miami  Canal 886f  „ 

New  Bremen,  Fremont  and  Indianapolis  Railroad   (J.  H. 

KUppart) 466    „ 

Its  average  elevation  in  the  State  of  Ohio. seems  to  be  about 
425  feet  above  Lake  Erie.  Between  St.  John's  and  New  Bremen 
it  descends  toward  the  west  over  one  hundred  feet. 


*  In  August,  1872,  this  hill  was  remeasured  by  aneroid  barometer  con- 
necting with  the  depot  at  Wapakoneta,  with  the  following  result :  summit  of 
the  hill,  50^  feet;  street  in  front  of  the  Bitler  House,  483  feet;  surface  of 
stream  west  of  the  village,  893  feet. 


Digitized  by  VjOOQIC 


164  B.      NATITBAL  HISTORT. 


e.  Its  Origin. 

Astronomical  causes,  which  have  been  ably  discussed  by  Mr. 
James  Croll,  of  Scotland,  and  by  othw,  must  have  produced  in 
the  retreat  of  the  ice  of  the  Glacial  Epoch  a  halting  motion.  At 
the  time  that  the  St.  Lawrence  glacier  was  hardly  yet  defined  as 
an  independent  local  stream  of  ice,  even  when  the  foot  of  the  ice- 
sheet  of  perhaps  continental  width  was  situated  where  the  St. 
John's  Ridge  runs,  a  period  of  greater  cold  supervened,  causing  a 
stop  in  the  retreat  of  the  ice-foot,  and  a  consequent  accumulation 
of  the  detritus  which  the  ice  brought  forward,  at  that  points  Now 
if  it  be  remembered  that  whatever  the  condition  of  the  climate, 
whether  one  of  increasing  warmth  or  of  stationary  temperature, 
the  foot  of  a  glacier  must  always  give  off  water,  the  product  of  its 
own  dissolution,  it  can  easily  be  seen  that  all  along  the  foot  of  the 
glacier  in  North- Western  Ohio,  where  no  inequalities  in  the  rocky 
surface  would  have  brought  the  water  into  valleys  having  a  north- 
south  direction,  there  would  have  been  a  constant,  gentle  discharge 
of  water,  which  would  have  produced  some  effect  on  the  drift. 
That  effect  %vould  have  been  greatest  where  the  water  was  most 
abundant.  The  effect  of  running  water  on  a  plastic  mixture  of  clay, 
sand,  gravel,  and  boulders,  the  materials  of  the  glacial  detritus,  is 
necessarily  to  wash  out  the  clay.  If  there  be  a  slow  and  constant 
deposition  of  such  materials  at  the  same  point,  there  will  neces- 
sarily be  a  cleanly  washed  and  assorted  accumulation  of  such 
coai*se  materials  as  the  water  has  not  the  force  to  carry  away. 
These  conditions  are  all  fulfilled  along  the  ice-foot,  and  they  must 
have  operated  to  produce  the  series  of  gravel  knolls  and  ridges 
which  have  been  named  the  St.  John's  Ridge. 

Allusion  has  already  been  made  to  the  remarkable  development 
at  this  ridge  at  St.  John's  in  Auglaize  Cpunty.  At  that  place 
there  must  have  been  an  extraordinary  flow  of  water.  By  refer- 
ence to  the  geological  map  of  the  State  of  Ohio  (not  yet  pub- 
lished) it  will  be  seen  that  the  Niagara  limestone  is  suddenly 
protruded  northward  in  the  form  of  a  narrow  tongue  or  wedge- 
shaped  area,  covering  the  eastern  portion  of  x4uglaize  and  the 
south-eastern  portion  of  Allen  Counties,  It  occui-s  as  an  anti- 
clinal, dipping  to  the  east  and  west,  and  passing  under  the  Water^ 
lime  in  both  directions.  Compared  with  the  Waterlime  it  is  a 
more  enduring  rock,  and  everywhere  in  North- Weatem  Ohio,  as 
elsewhere,  it  is  the  most  conspicuous  member  of  the  Cliff  Lime^ 
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Stone  Oroupy  and  forms  the  sur&ce  rock  where  it  rises  highest 
and  is  exposed  most.  The  effect  of  such  a  persistent  obstruction 
beneath  the  glacier  must  have  been  to  fracture  the  ice  profoundly, 
those  parts  toward  the  east  and  toward  the  west  settling  gently 
away  from  the  uplifted  centre.  Into  those  crevasses  the  drift 
would  fall,  and  through  them  streams  of  water  would  flow.  Th# 
result  would  be  an  extraordinary  accumulation  of  coarse  and  as- 
sorted drift  materials,  which,  after  the  complete  withdrawal  of 
the  ice,  would  lie  in  irregular  knolls  and  short  ridges  in  places 
where  such  streams  formerly  existed.  This  is  the  origin  of  a  great 
many  short  but  steep  and  narrow  gravel  ridges  in  the  North- 
Western  States,  outside  of  Ohio,  which  are  known  locally  as 
"  Devils'  Backs,"  or  "  Hogs'  Backs."  The  writer  has  seen  them  in 
Jackson  and  Ingham  Counties,  in  the  State  of  Michigan,  and  in 
the  valley  of  the  Fox  River,  Wisconsin,  south  of  Green  Bay. 
There  is  a  fine  one  in  Auglaize  Township,  Allen  County,  Ohio, 
and  a  number  in  Taylor  Creek  Township,  in  Hardin  County. 
They  rise  generally  from  twenty-five  to  forty  feet,  with  slopes  as 
steep  as  such  materials  can  be  piled.  On  either  side  there  is 
usually  a  low,  swampy  tract,  from  three  to  ten  rods  wide,  or  some- 
times of  indefinite  width  and  form,  the  ridge  being  in  some  cases 
not  more  than  twenty  feet  across  on  the  summit.  The  largest 
bouldei-s  are  sometimes  seen  on  the  very  top  of  the  ridge.  Similar 
short  ridges  have  been  described  as  occurring  in  the  State  of 
Maine. 

It  is  proper  to  add  to  this  description  of  the  St.  John's  Ridge, 
that  its  normal  direction  is  more  south-easterly,  and  that  its  pas- 
sage northward  into  Allen  County  and  its  apparent  union  with 
the  Wabash  Ridge,  near  Maysville,  may  be  due  to  the  disturbance 
caused  by  the  underlying  Niagara^  its  real  existence  and  location 
further  east  in  Logan  and  Union  Counties  being  obscured  by  the 
advent  of  the  Cornifermis  in  Logan  County,  which  operated  in  the 
same  way  as  the  Niagara  in  Auglaize  County.  A  ridge  of  hard- 
pan  drift  crosses  Union  County  between  Mill  Creek  and  Big 
Darby  Creek.  Newton,  in  Union  County,  is  located  on  it.  It 
contains  little  or  no  stratified  gravel  or  sand,  although  it  is  pene- 
trated often  over  sixty  feet  in  digging  wells. 
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(b)   The  Wabash  Ridge, 

a.  Its  Location. 

This  ridge  is  so  named  from  the  Wabash  river  which  flows 
along  the  south  side  of  it  for  several  miles  in  Mercer  Comity, 
Ohio,  and  in  Jay  County,  Indiana.  It  crosses  Mercer  County, 
forming  the  north  bank  of  the  great  artificial  reservoir,  to  St. 
Mary's,  in  Auglaize  County,  where  it  is  crossed  by  the  St.  Mary's 
River;  thence  north-easterly  to  section  29,  Moulton,  Auglaize 
County,  where  it  is  cut  by  the  Auglaize  River;  thence  still  north- 
easterly to  Maysville,  it  forms  a  barrier  to  the  northward  flow  of  the 
same  stream ;  thence  east  and  south-east  it  forms  the  north  boundary 
of  the  Scioto  Marsh,  and  a  barrier  against  the  Scioto  River,  through 
Hardin  County.  It  then  turns  north-easterly,  but  its  location  is 
not  evident  through  the  township  of  Grand,  in  Marion  County. 
It  becomes  conspicuous  again  as  a  barrier  against  the  lower  por- 
tion of  the  Little  Sandusky  River  in  Wyandot  County,  and 
along  the  north-west  side  of  the  Broken  Sword  Creek  in  Wyan- 
dot and  Crawford  Counties.  In  the  north-eastern  part  of  Craw- 
ford County  it  becomes  lost  in  the  general  drift,  —  at  least  it  has 
not  been  traced  further  east. 

/3.  lis  External  Form. 

Its  surface  is  much  less  broken  by  knobs  and  bluffs  than  that 
of  the  St.  John's  Ridge.  It  rather  has  the  appearance  of  a  gentle 
swell  in  the  general  surface,  or  a  great  wave  stretching  across  the 
counties  from  one  to  two  miles  in  width.  Sometimes,  in  approach- 
ing it,  it  is  invisible  to  the  eye,  the  a^scent  is  so  gradual;  yet  its 
geological  and  topographical  characters  are  so  uniform  and  per- 
sistent, that  it  serves  to  divert  from  their  natural  courses  the 
principal  streams  of  North- Western  Ohio  throughout  a  distance 
of  about  one  hundred  and  fifty  miles,  leading  them  diagonaDy 
across  the  slope  of  the  country ;  sometimes  turning  them  from 
the  Lake  Erie  Valley,  across  the  great  watershed  of  the  State, 
into  the  Ohio  River.  Throughout  this  distance  it  is  crossed  by 
three  streams,  the  St.  Mary's,  the  Auglaize,  and  the  Sandusky, 
but  only  after  having  withstood  them  till,  on  the  principle  of  the 
Archimedes  screw,  they  surmounted  it  diagonally. 
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y.  Its  Contents. 

At  St.  Mary's  and  near  Wapakoneta,  gravel  is  taken  from  this 
ridge;  and  it  probably  has  a  nucleus  of  gravel  throughout  its 
extent,  although  it  shows  far  less  gravel  than  the  St.  John's  Ridge. 
It  everywhere  consists  superficially  of  the  common  hardpan  of  the 
country.  Wells  have  sometimes  penetrated  it  a  hundred  feet, 
passing  through  the  brown  and  blue  hardpan  only,  and  obtaining 
very  little  water.  It  is  probably  due  to  its  clayey  nature  that  it 
operates  so  eifectually  in  governing  the  direction  of  the  drainage 
of  the  country.  It  is  noticeable  that  it  is  only  known  to  con- 
tain gravel  where  it  is  crossed  by  the  St.  Mary's  and  Auglaize 
Rivers. 

6,  Its  Altitude  above  Lake  Erie. 

The  following  points  of  elevation  on  the  Wabash  Ridge  indi- 
cate its  average  height  in  Ohio  to  be  about  360  feet  above  Lake 
Erie.  If  the  doubtful  elevation  at  Celina  be  discarded,  this  ridge 
shows  a  descent  toward  the  west,  between  Kenton  and  St.  Mary's, 
of  forty-seven  feet. 

Celina  (J.  H.  Klippart)    . 395  feet  ? 

Wapakoneta  (tw^o  miles  north),  Dayton  &  Michigan  Railroad  350  „ 
Wapakoneta  (two  miles  north-west  on  the  ridge),  aneroid 

from  depot 848  „ 

St.  Mary's  (by  the  Miami  Canal,  plus  thirty  feet)  ....  321  „ 

MaysYille,  Hardin  County  (one  mile  south) „ 

Kenton  (two  miles  north),  C.  S.  and  C.  Raihroad    ....  868  „ 

e.  Its  Origin. 

The  origin  of  this  ridge  must  have  been  the  same  as  that  of  the 
St.  John's  Ridge ;  yet  it  is  evident  the  ice  was  giving  off  far  less 
water  than  during  the  formation  of  that  ridge,  leaving  the  drift 
brought  forward  by  the  glacier  very  nearly  as  it  existed  on 
the  ice  before  deposition  on  the  rock.  It  marks  a  period  either 
of  absolute  rest  in  the  amelioration  of  the  climate,  when  the  ice- 
foot was  stationaiy  for  a  long  time  at  the  same  latitude,  or  a  short 
recurrence  of  greater  cold,  when  the  ice-foot  was  thrust  further 
south,  ploughing  up  the  drift  before  deposited,  and  heaping  it  into 
a  long  ridge  or  moraine.  The  latter  supposition  would  account 
for  a  feebler  flow  of  water. 
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(c)   The  St  Mary's  Ridge. 

a.  Its  Location. 

This  ridge  is  named  from  the  St.  Mary's  River,  the  course  of 
which  it  determines  for  more  than  fifty  miles,  nearly  thirty  of 
which  are  in  the  State  of  Ohio.  In  the  same  manner  it  prevents 
the  St.  Joseph  River  from  taking  its  most  direct  course  to  the 
Maumee  Valley  for  about  the  same  distance.  They  crossed  it  only 
at  Fort  Wayne,  Indiana,  where  their  united  waters,  coming  fix)m 
opposite  directions,  broke  through  the  barrier,  the  resulting  river 
taking  the  name  of  Maumee,  and  returning  between  the  St.  Joseph 
and  St.  Mary's  in  a  direct  course  to  Lake  Erie.  The  St.  John's 
and  the  Wabash  Ridges  have  not  been  traced  and  located,  and 
probably  cannot  be,  in  their  north-westward  course  in  Indiana  and 
Michigan.  The  great  field  of  ice  then  probably  covered  the  whole 
country  north  of  those  ridges,  the  St.  Lawrence  glacier  not  yet 
having  taken  independent  direction.  But  when  the  St.  Mary's 
Ridge  was  laid  down,  the  foot  of  the  St.  Lawrence  glacier  had 
become  defined  as  an  independent  margin,  progressing  and  retreat- 
ing according  to  the  conformation  of  the  great  valley  it  occupied, 
and  the  climatic  influences  on  the  great  ice-field  further  north 
which  fed  it.  Hence  we  find  it  shaped  with  a  certain  relation  to 
the  present  Lake  Erie  coast,  and  conforming  to  it  in  its  main 
outline,  even  into  the  State  of  Michigan.  Its  location  through 
Defiance  and  Williams  Counties  was  ascertained  by  Mr.  G.  K. 
Gilbert,  formerly  of  the  Ohio  Geological  Corps,  in  1869  and  1870. 
It  is  cut  by  the  Miami  Canal  about  two  miles  south  of  Spencer, 
in  Allen  County,  the  excavation  being  known  as  "  the  big  cut," 
It  thence  turns  a  little  north-easterly,  and  is  passed  by  the  Au- 
glaize River  near  Fort  Amanda.  It  is  also  crossed  by  the  Ottawa 
River,  about  four  miles  south-west  of  Lima ;  thence  norih-east  it 
forms  a  barrier  to  the  Ottawa  River,  to  the  county  line  between 
Allen  and  Hardin  Counties;  thence  easterly  it  passes  along  the 
north  side  of  Hog  Creek  Marsh,  and  about  a  mile  south  of  Wii- 
liamstown,  in  Hancock  County.  East  of  Williamstown  its  location 
is  not  known  with  certainty;  but  it  probably  runs  more  nortb- 
easterly  from  this  place,  along  the  north-west  side  of  the  Tymochtee 
Creek  to  its  junction  with  the  Sandusky,  to  McCutchenville  in 
Wyandot  County,  and  Melmore  in  Seneca  County. 
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p.  lU  External  Form. 

The  fi>nn  of  this  ridge  is  very  similar  to  that  of  the  Wabash 
Ridge.  It  is  like  a  dead  wave  on  the  sur&ce  of  the  ocean,  hardly 
perceptible  to  the  eye  on  account  of  its  smoothness,  but  revealed 
by  its  effect  on  every  thing  that  encounters  it.  It  is  most  notice- 
able in  Mercer  County,  and  in  the  State  of  Indiana,  where  it  forms 
a  very  prominent  ridge,  having  a  width  of  half  a  mile  or  more. 

From  Fort  Wayne,  Indiana,  eastward,  the  St«  Mary's  Moraine 
has  a  V  shape,  the  apex  pointing  toward  the  west,  one  arm  lying 
along  the  north  side  of  the  St.  Mary's  River,  and  the  other  passing 
more  eastwardly  through  New  Haven  (a  quarter  of  a  mile  south), 
a  little  south  of  Besan^on,  and  entering  Ohio  in  the  south-west 
quarter  section  31,  Benton,  Paulding  County,  about  half  a  mile 
south  of  the  Van  Wert  Ridge.  Thence  south-eastwardly,  the  north 
margin  of  the  St.  Mary's  Moraine  runs  through  Convoy,  in  Van 
Wert  County,  and  through  sections  17, 18,  22,  and  28,  in  Pleasant 
Township,  in  the  same  county,  beyond  which  place  it  has  not  been 
identified.  This  north  margin  of  the  St.  Mary's  Moraine  is  very 
noticeable  about  Fort  Wayne,  and  as  far  east  as  TuUy  Township, 
'  in  Van  Wert  County.  It  gradually  loses  its  distinctness  in  passing 
toward  the  east.  It  consists,  like  the  south  margin,  of  hardpan 
drift,  differing  in  no  respect  from  the  common  drift  of  the  whole 
district.  Its  descent  toward  the  north  is  sudden,  and  in  amount 
from  five  or  six  feet  south  of  Van  Wert,  to  ten  feet  in  TuUy 
Township,  south  of  the  Bear  Swamp,  and  thirty  feet  at  New 
Haven,  Indiana.  At  Fort  Wayne  its  junction  with  the  south 
arm  of  the  V  between  the  St.  Mary's  and  Maumee  Rivers  gives 
rise  to  a  very  greatly  increased  elevation.  It  is  there  over  forty 
feet,  and  appears  like  an  old  bank  of  the  Maumee  River.  Indeed, 
the  impression  prevails  that  it  is  an  ancient  river-bank,  and  the 
land  lying  between  the  foot  of  this  bench  and  the  brink  of  the 
real  river  bank  b  known  as  the  *^  second  bottoms,"  the  ^  first  bot^ 
toms"  being  the  flat  loamy  land  immediately  bordering  the  river, 
and  marking  the  height  of  the  extreme  fi^shet  floods.  The  ^  first 
bottoms  "  consbt  of  sandy  loam,  with  much  decomposing  vegetable 
material,  the  alluvium  of  the  stream;  but  the  ^second  bottoms" 
lie  twenty  to  twenty-five  feet  higher,  and  consist  of  hardpan  clay, 
the  soil  being  heavy  and  stiff.  The  exposed  sections  of  the  river 
bank  reveal  the  contents  of  the  "  second  bottoms,"  wherever  the 
*^  first  bottoms  "  are  wanting.    At  'Fort  Wayne  a  fresh  section  of 
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the  ^  second  bottoms "  on  the  right  bank  of  the  Manmee,  shows 
the  peculiar  characters  of  the  hardpan  drift  ak^ady  described. 
This  bench,  which  forms  the  inner  margin  of  the  St.  Mary's 
Moraine,  rises  still  higher ;  and  instead  of  following  the  coorse  of 
the  stream,  of  which  it  is  popularly  supposed  to  be  an  olfl  bank,  it 
strikes  out  at  a  considerable  angle  away  from  the  river,  gradually 
&ding  out  till  it  is  lost.  South  of  Van  Wert,  where  it  reaches  its 
most  eastern  observed  point,  it  is  more  than  thirty  miles  from  the 
Maumee  River  in  a  direct  line,  and  ninety-seven  feet  above  it. 
South  from  the  sunmiit  of  this  bench  the  surface  has  no  descent, 
but  spre&ds  out  in  a  vast  table-land,  on  which  are  sometimes 
extensive  prairies  and  swamps.  The  bench  itself  is  sometimes 
known  as  a  ridge.  ][ndeed,  the  ^  ridge  road  ^  uniting  Fort  Wayne 
and  Van  Wert  sets  out  on  it  from  Fort  Wayne,  following  it  about 
ten  miles,  when  it  changes  to  the  Van  Wert  Itidge^  which  lies 
nearly  parallel  and  about  a  mile  frirther  north.  It  passes  from  one 
to  the  other  two  or  three  times  between  the  two  cities.  On  the 
north  side  of  the  Maumee  a  simUar  bench  occurs,  descending  to 
the  south-east,  having  about  the  same  height  as  on  the  south  side. 
Toward  the  north  spreads  out  a  flat  of  clay  land,  with  a  little 
descent  to  the  north.  This  flat  extends  as  far  as  to  the  St.  Joseph' 
River,  where  the  outer  periphery  of  the  same  great  moraine  sets 
against  the  waters  of  that  stream.  This  moraine  here  also  has 
a  V  shape,  but  with  a  sharper  apex,  which  lies  at  Fort  Wayne, 
between  the  St.  Joseph  and  the  Maumee,  the  arms  extending 
north-eastwardly.  No  detailed  examination  has  yet  been  made 
of  this  moraine  north  of  the  Maumee  River. 

7.  lU  Contents, 

A  little  gravel  is  taken  from  this  ridge  near  Lima  and  near 
Shanesville;  but  it  consists  for  the  most  part  of  hardpan.  It 
shows  nothing  but  hardpan,  with  stones  and  boulders  in  wells 
which  penetrate  it.  The  common  gravelly  hardpan  soil  forms 
the  surface.  It  consists  of  hardpan  only,  US  the  depth  of  twenty 
feet,  where  the  Miami  Canal  cuts  it  near  Spencer.  It  rises  in  con- 
spicuous hardpan  hills  near  Fort  Wayne,  Indiana,  east  of  the 
depot  of  the  Toledo,  Wabash,  and  Western  Railway. 

d.  lU  AUitude  above  Lake  Erie. 

The  following  points  of  elevation  on  the  St.  Mary's  Ridge  have 
been  ascertained.     The  lowest  point  on  the  ridge  is  at  Fort 


Digitized  by  VjOOQIC 


GEOLOQT  AND   GSOOBAPHT.  171 

Wayne,  Indiana,  where  it  has  its  greatest  distance  from  Lake 
!Bric.  It  rises  in  both  directions  from  that  point.  In  this  respect 
it  corresponds  with  the  St.  John's  and  the  Wabash  Ridges.  Their 
lowest  places  are  in  the  axial  line  of  the  great  valley  which  they 
diversify. 

Elsvations  ok  the  St.  Mabt's  Ridob  aboyb  Lakb  Ekib. 

Hadson,  Michigan,  L.  S.  and  M.  S.  Bailroad 864  feet 

Crouing  of  the  Air  Line  of  L.  S.  and  M.  8.  Baiboad,  west 

of  Bryan 800    „ 

Crossing  of  Baltimore  and  Ohio  Bailroad,  west  of  Bryan 

(S.  W.  Hartwell,  C.E.) 829    „ 

Fort  Wayne,  Indiana,  Depot  Toledo,  Wabash,  and  Western 

RaUroad* 204    „    . 

Eort  Wayne,  sammit  of  moraine,  one  mile  east  of  depot 

(Aneroid)     .    .' 229    „ 

Fort  Wayne,  two  miles  east  of  Toledo,  Wabash,  and  West- 
ern Depot  (Locke's  level  from  Railroad) 246    „ 

Fort  Wayne,  two  miles  east  of  Pittsburg,  Fort  Wayne,  and 

Chicago  Depott 287    „ 

Spencer,  two  miles  sonth  (Miami  Canal,  plus  twenty-flye  feet)    299    „ 

Lima,  two  miles  south,  Dayton  and  Michigan  Bailroad   .    .    822    „ 

Hog  Creek  Marsh,  north  one  mile  (Aneroid)  t 841    „ 

e.  Its  Origin, 

This  ridge  must  have  been  formed  by  the  motion  of  the* St. 
Lawrence  glacier  and  the  deposition  along  the  foot  of  an  increased 
amount  of  glacial  drift,  during  a  period  of  greater  cold  than  that 
inmiediately  preceding,  so  that  its  margin  remained  stationary 
at  nearly  the  same  point  for  a  long  period  of  time.  The  prepon- 
derance of  the  south-westerly  motion  over  the  southerly,  according 
to  the  direction  of  the  great  valley,  is  here  first  observable  in  the 
greater  development  of  this  moraine  about  Fort  Wayne  than  at 
points  further  east. 

{d)  The  Van  Wert  Ridge, 

a.  Its  Location. 
This  is  SO  named  firom  the  city  of  Van  Wert,  Ohio,  through 

*  The  profile  of  the  Pittsburg,  Fort  Wayne,  and  Chicago  Baibroad  makes  the 
Union  Depot  at  Fort  Wayne  thirty-one  feet  liigher  than  the  Toledo,  Wabash, 
and  Western. 

t  This  is  from  the  level  of  the  Pittsburg,  Fort  Wayne,  and  Chicago  Bailroad, 
reduced  to  the  base  line  of  Lake  Erie,  according  to  the  profile  of  the  Toledo, 
Wabash,  and  Western  Bailroad. 
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which  it  passes.  It  enters  Ohio  from  the  north,  in  the  north-west 
comer  of  Pulton  County,  with  a  course  nearly  south-west.  It 
passes  through  West  Unity,  Bryan,  Williams  Centre,  and  Hicks- 
ville ;  and  entering  Indiana  it  may  be  traced,  by  way  of  Maysville, 
to  a  point  on  the  north  side  of  the  Maumee  River,  about  three 
miles  below  Fort  Wayne,  where  it  is  intersected  by  that  stream. 
It  reappears  on  the  south  side  about  three  miles  north-east  of  New 
Haven,  Indiana.  West  of  that  point,  to  its  intersection  by  Uie 
Maumee,  it  is  buried  in  lake  sand,  and  its  location  is  entirely  lost. 
It  is  here  known  as  the  Irish  Ridge^  and  for  about  a  mile  a  road 
runs  on  it.  It  soon  enters  an  undeveloped  tract  of  country,  no 
road  following  it,  but  by  careful  search  it  has  been  followed  con- 
nectedly for  a  distance  of  six  miles  east  from  New  Haven.  It  is 
then  known  to  pass  along  the  south  side  of  the  Bear  Marsh,  both 
in  Indiana  and  Ohio,  a  distance  of  ten  or  fifteen  miles.  In  Van 
Wert  County  a  public  road  is  located  on  it,  passing  through  Van 
Wert;  although  the  road  in  some  places  leaves  the  Van  Wert 
Ridge,  and  runs  on  the  north  margin  of  the  St.  Mary's  Moraine. 
.Thence  east  this  ridge  passes  through  Delphos,  Columbus  Grove, 
Pendleton,  Webster,  and  Benton,  nearly  to  Pindlay,  where  its 
identity  is  lost  in  the  succeeding  Blanchard  Moraine. 

P,  Its  Extenud  Form, 

This  is  the  outer  of  those  two  ridges  described  by  Mr.  6.  K 
Gabert  in  the  May  number  of  the  "American  Journal  of  Science 
and  Arts,"  in  1871,  and  regarded  by  him  as  ancient  lake  beaches. 
Its  form  differs  considerably  from  those  ridges  already  described. 
While  it  has  as  much  gravel  as  the  St.  John's  Ridge,  or  perhaps 
more,  in  proportion  to  its  size,  it  is  much  narrower,  and  has  little 
or  no  influence  in  determining  the  direction  of  streams.  In  this 
respect  it  differs  from  the  Wabash  and  St.  Mary's  Ridges  even 
more  than  it  does  ^om  the  St.  John's  Ridge.  It  rarely  presents 
a  greater  width  than  fifteen  rods,  while  it  usually  is  not  over  five. 
It  has  a  remarkable  uniformity  of  contour,  size,  and  direction.  It 
has  a  gentle  slope  from  the  summit  in  opposite  directions,  and  its 
height  is  usually  about  twelve  feet.  It  is  crossed  by  streams  at 
various  angles,  and  in  all  its  course  it  is  not  known  to  deflect  any 
river  or  creek  firom  the  most  direct  descent  over  the  general  slope 
of  the  country.  Wherever  it  is  crossed  by  a  stream,  it  sinks  away 
for  some  rods,  or  for  a  mile  or  two  on  either  side,  before  reaching 
the  banks.    It  cannot  be  found  in  either  direction,  above  or  below ; 
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but  it  simply  settles  away  slowly  into  the  flatness  of  the  sniroand- 
ing  country.  The  road,  instead  of  being  gravelly,  becomes  heavy 
with  a  tenacious  clay. 

In  a  number  of  places  this  ridge  is  doubled  for  a  few  miles,  the 
two  parts  each  having  as  great  a  development  and  uniformity  of 
size  and  direction  as  the  main  ridge,  where  it  consists  of  a  single 
eminence.  This  is  the  case  on  the  north  side  of  the  Maumee,  near 
its  intersection  by  that  river.  It  is  not  known  how  far  the  two 
parts  run  as  independent  ridges  toward  the  north-east,  but  they 
are  each  well  developed  for  some  distance  from  the  river.  At  that 
place  the  Maysville  "  ridge  road  ^  is  located  on  the  inner  ridge,  or 
that  most  distant  from  the  inner  margin  of  the  St.  Mary's  Moraine. 
Yet  on  the  south  side  of  the  Maumee,  in  Van  Wert  County,  the 
road  is  generally  on  the  outer  of  these  ridges,  wherever  it  is 
doubled,  or  on  that  one  nearest  the  inner  margin  of  the  St.  Mary's 
Moraine.  Where  the  Van  Wert  Ridge  consists  of  two  parts,  the 
subordinate  member  rises  and  falls  independently  of  the  other, 
and  has  never  been  known  to  blend  with  it.  They  are  usually 
separated  less  than  half  a  mile,  and  have  been  noticed  not  to  run 
strictly  parallel 

y.  lu  Contents, 

The  Van  Wert  Ridge  consists  emphatically  of  gravel  and  sand, 
embracing  the  coarser  parts  of  the  drift,  as  stones  and  boulders. 
The  great  bulk  of  the  whole  is  gravel,  in  handsome  oblique  stratifi- 
cation. Boulders  are  rarely  found.  In  a  few  places  also  the  ridge 
has  been  penetrated  to  the  depth  of  over  thirty  feet  without  meet- 
ing much  gravel.  In  those  cases  the  common  hardpan  only  is 
passed  through,  as  in  weUs  on  either  side  of  the  ridge.  Generally, 
gravel  is  met  within  two  or  three  feet  of  the  surface.  Hundreds 
of  little  excavations  have  been  seen  by  the  road-side,  in  this  ridge, 
for  the  use  of  the  fine  gravel  it  affords.  It  usually  extends  not 
over  fifteen  or  twenty  feet  in  depth.  Immediately  below  it,  the 
common  hardpan  of  the  country  is  met.  If  wells  find  no  water 
in  this  gravel,  they  are  necessarily  sunk  below  the  hardpan,  some- 
times more  than  forty  feet.  Lying  on  the  gravel,  and  forming  the 
immediate  sur^e  of  the  ridge,  is  a  gravelly  hardpan,  which  is 
almost  impervious  to  water,  and  becomes  compact  and  stiff  if  used 
for  a  public  highway.  Hence,  as  the  gravel  lies  in  a  slight  depres- 
sion ip  the  general  surface  of  the  hardpan,  it  is  enclosed  in  a 
covered  trough,  and  acts  as  a  vast  natural  tile-drain  to  collect 
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and  hold  the  surface  water.  Hence  it  is  that  this  gravel  is  found 
almost  invariably  to  contain  water  at  the  depth  of  less  than  ten 
feet.  Hence  it  is  also  that  artesian  wells  are  sometimes  obtained 
along  the  sides  of  the  ridge  by  penetrating  the  impervious  covering 
of  the  gravel^  although  sometimes  not  more  than  three  or  four 
feet. 

6.  Its  Altitude  above  Lake  Erie, 

Points  on  the  Van  Wbkt  RiDas. 

Gorham  Township,  Fulton  County  (J.  H.  Klippart)    .  220  to  225  feet 

West  Unity,  Williams  County  (J.  H.  Klippart) 280    „ 

Puluki,  Williams  County  (J.  H.  Klippart) .' '  200    „ 

Bryan  (Air  Line  Railroad  level) 196    „ 

Near  New  Haven,  north  side  of  the  Maumee  (Aneroid  from 

Railroad) 202    „ 

Near  New  Haven,  "Irish  Ridge,"  at  crossing  of  Toledo, 

Wahash,  and  Western  Railroad 195}  „ 

Van  Wert,  Van  Wert  County  (Pittsburg,  Fort  Wayne,  and 

Chicago  Railroad) 218    „ 

Delphos  (Pittsburg,  Fort  Wayne,  and  Chicago  Railroad).    .    211    „ 
Columbus  Grove  (Dayton  and  Michigan  Railroad  level)  .    .    194    „ 

This  ridge,  unlike  the  St.  John's,  Wabash,  and  St.  Mary's  Ridges, 
seems  to  lie  nearly  horizontal,  showing  very  little  descent  on  ap- 
proaching the  Maumee  River.  It  is  probable  that  the  elevations, 
given  above  at  West  Unity  and  in  Gorhanx  Township,  were  taken 
from  the  inner  margin  of  the  St.  Mary's  Moraine,  which  rises 
about  thirty  feet  higher  than  the  Van  Wert  Ridge.  For  further 
notes  on  the  relations  of  these  two  ridges  in  Defiance  County,  see 
the  Geological  Reports  of  Ohio,  under  "Geology  of  Defiance 
County."  The  aveiage  height  of  the  Van  Wert  Ridge  above  ' 
Lake  Erie  is  about  two  hundred  feet. 

e.  lt$  Origin, 

It  will  be  noticed  that  this  ridge  is  but  a  short  distance  inside 
of  the  inner  margin  of  the  St  Mary's  Moraine.  Its  sharpness,  its 
narrowness,  and  its  very  gravelly  character  are  features  in  which  it 
strongly  differs  from  it,  and  from  the  St.  John's  and  Wabash  Ridges 
before  described.  While  the  St.  Mary'd  Ridge  can  unhesitatingly 
be  ascribed  to  the  retarded  retreat  of  the  ice-foot,  thus  heaping  up 
a  greater  thickness  of  glacial  drift  throughout  a  belt  about  ten 
miles  wide,  the  Van  Wert  Ridge  seems  to  be  due  to  a  different 
kind  of  glacier-action.    The  ice-foot  seems  to  have  retreated  aud- 


Digitized  by  VjOOQIC 


GSOLOGT   AND  GSOGBAPHT.  175 

denly,  from  one  to  two  miles  from  the  inner  margin  of  the  St. 
Mary's  Moraine,  when  for  some  reason  an  nnnsaal  amount  of 
water  was  precipitated  from  the  ice  on  the  already  deposited 
drift  along  its  margin,  carrying  away  the  finer  materials  not  only 
from  the  npper  portion  of  that  which  was  already  thrown  down, 
bnt  also  from  that  being  thrown  down  at  that  place.  The  gravel  in 
the  Van  Wert  Ridge  lies  above  the  great  mass  of  hardpan,  while 
the  gravel  of  the  St.  John's  and  St  Mary's  Ridges  lies  on  the 
rock,  with  hardpan  only  above  it.  After  this  increased  flow  of 
water  had  spent  itself,  the  ice-foot  resumed  again,  or  continued, 
its  rapid  retreat  toward  Lake  Erie,  throwing  down  a  much  thinner 
driftHsheet  than  it  did  on  the  outside  of  the  Yan  Wert  Ridge. 
.  This  belt  of  thin  drift  covers  the  northern  portion  of  Van  Wert 
County  and  the  whole  of  Paulding,  as  far  as  the  Auglaize  River, 
a  distance  of  about  thirty  miles  in  the  line  of  motion  of  the  ice 
along  the  axis  of  the  Maumee  Valley.  Further  east  this  thin  belt 
becomes  narrower,  tapering  to  a  point  absolutely  (so  far  as  it  lies 
north  of  the  Van  Wert  Ridge),  at  Findlay,  in  Hancock  County. 
It  is  noticeable  in  Putnam  County,  where  the  drift  south  of  the 
Blanchard  River  is  less  than  half  as  thick  as  it  is  north  of  the 
same  stream. 


{e)   The  Blanchard  JRidge. 

a.  lU  Location. 

This  moraine  is  so  named  from  the  Blanchard  River  which  it 
deflects  from  the  most  direct  course  to  the  Maumee,  carrying  it 
diagonally  across  the  slope  of  the  country,  a  distance  of  more  than 
forty  miles.  In  a  similar  manner  it  governs  the  direction  of  Bean 
Creek  and  Tiffin  River,  on  the  north  side  of  the  Maumee,  making 
them  flow  south-west  instead  of  south-east,  the  general  slope  of 
the  surface  being  in  the  latter  direction.  It  runs  into  Michigan, 
and  Adrian  is  probably  located  on  it.  East  of  Findlay,  Ohio, 
the  direction  of  the  Blanchard  Ridge  remains  about  the  same,  but 
it  is  not  satisfactorily  known  through  Seneca  County.  South  of 
its  intersection  by  the  Maumee  its  inner  margin  is  better  known 
than  its  outer,  and  is  often  marked  by  a  public  road.  It  passes 
through  Ayersville,  where  it  is  covered  with  later  lake  sand,  south 
of  the  Medary  Swamp,  in  Putnam  County ;  through  Leipsic  Sta- 
tion, on  the  Dayton  and  Michigan  Railroad,  to  McComb,  Van 
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Bnren,  and  Fostoria.    It  crosses  the  Sandusky  RLver  about  a  mile 
north  of  Tiflin.    Farther  east  it  is  not  known. 

p.  lU  External  Form 

Is  similar  to  that  of  the  St.  Mary's  Moraine :  it  is,  howeyer,  not 
so  evenly  laid  down.  It  is  more  frequently  gravelly,  and  diversi- 
fied with  short,  well-marked  gravel  moraines  like  the  Van  Wert 
Ridge.  One  in  Putnam  County  runs  north-westerly  fix)m  near 
Gilboa  for  a  distance  of  about  five  miles.  There  is  a  succession 
of  such  gravel  ridges  about  Leipsic,  and  on  all  sides  of  the  Medary 
Swamp  in  the  same  county.  The  inner  margin  of  this  moraine 
not  infrequently  has  the  form  as  well  as  the  contents  of  a  sharp, 
gravel  moraine.  It  is  so  in  many  places  between  Van  Buren  and 
Fostoria,  and  east  firom  AyersvUle ;  but  the  width  of  the  whole 
moraine  is  from  six  to  ten  miles,  and  its  general  surface  is  nearly 
flat.  Its  inner  margin  is  more  marked  than  the  outer,  the  descent 
being  so  sudden  that  it  constitutes  a  continuous  shoulder  in  the 
sur&ce,  and  often  takes  the  name  of  ridge,  its  height  being  some- 
times nearly  twenty  feet  In  other  places  this  descent  is  more 
gradual,  and  is  broken  up  into  a  strip  of  rolling  and  gravelly  land. 

7.  lU  Contents. 

This  ridge  consists  of  hardpan  drift,  with  those  local  modifica- 
tions which  were  brought  about  by  greater  wash  fi-om  the  glacier 
at  certain  points  or  at  certain  times.  It  is  on  the  whole,  however, 
perfectly  comparable  to  the  St.  Mary's  Ridge  already  described. 

6.  lt$  Altitude  abooe  Lake  Erie. 
The  following  points  are  located  on  its  inner  margin :  — 
Elbtationb  on  thb  Blaitohard  Ridob  abotb  Lakb  Erub. 

Section  18,  Richland,  Defiance  County  (Toledo,  Wabaih, 

and  Western  Railroad) 172  feet 

Leipsic  Station  (Dayton,  and  Michigan  Railroad)    ....  188  „ 

Fostoria  (Lake  Erie  and  Louisrille  Railroad) 

Fostoria  (Baltimore  and  Ohio  Railroad) 194  „ 

Fostoria  (J.  H.  Elippart) 200  „ 

Watson's  Station  (C.  S.  and  C.  Raikoad)   ....... 

Near  Tiffin  (J.  H.  Elippart) 210  „ 

Wauseon  (Air  Line  of  the  L.  S.  and  M.  S.  Railroad)    ...  199  „ 

e.  ItM  Origin. 
The  Blanchard  Moraine  is  believed  to  be  due  to  the  same  cause 
as  the  St.  Mary's  and  the  Wabash  Moraines.    It  is  noticeable. 
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however,  that  the  inner  margin  of  this  moraine  is  more  marked,  and 
traceable  further  east  than  that  of  the  St.  Mary's  Moraine.  Indeed 
its  southern  sweep  in  Ohio  is  much  more  prominent,  especially,  as 
already  noted,  on  its  inner  margin,  which  is  often  thrown  up  in  a 
conspicuous  gravelly  ridge,  with  a  descent  in  both  directions.  The 
Maumee  and  the  Sandusky  are  the  only  streams  that  cross  it.  Its 
marked  development  through  the  northern  part  of  Putnam  and 
Hancock  and  the  central  part  of  Seneca  Counties  seems  to  indicate 
an  increase  in  the  north-south  force,  while  yet  there  is  no  noticeable 
loss  of  motion  toward  the  south-west.  In  general  this  moraine  has 
the  same  relation  to  the  great  St  Lawrence  Valley,  but  it  seems  to 
have  been  crowded  toward  the  south  so  as  to  absorb  the  eastern 
extension  of  the  Van  Wert  Ridge  which  terminates  in  it  at  Find- 
lay.  These  facts  point  to  the  probable  existence  of  a  contempo- 
raneous glacier  descending  the  Lake  Huron  Valley  and  crowding 
upon  the  foot  of  the  St.  Lawrence  glacier,  giving  it  greater  develop- 
ment toward  the  south. 

(/)   The  JBelmore  Jiidge. 

a.  Its  Location. 

This  is  so  named  from  the  village  of  Belmore,  in  Putnam  County, 
Ohio,  through  which  it  passes.  South  of  the  Maumee  River, 
which  crosses  it  in  section  17,  Richland  Township,  Defiance 
County,  its  position  is  well  known;  but  on  the  north,  through 
Defiance  and  Fulton  Counties,  its  course  is  so  near  the  iqner 
margin  of  the  Blanchard  Moraine,  and  the  two  are  so  frequently 
covered  with  lake  sand,  that  they  have  been  separately  identi- 
fied in  but  few  places.  There  is  no  doubt  that  in  some  places 
north  of  the  Maumee  they  actually  run  together,  the  two  forming 
a  single  ridge.  This  seems  to  be  the  case  further  north  through 
Lenawee  and  Washtenaw  Counties,  in  the  State  of  Michigan. 
This  ridge  is  first  known,  whether  consisting  of  one  or  both,  in 
the  south-western  part  of  Macomb  County,  in  the  State  of  Michi- 
gan. It  passes  through  the  village  of  Plymouth,  is  cut  by  the 
Huron  River  about  two  miles  east  of  Ypsilanti,  and  continues  to 
Ridgeville,  in  Lenawee  County.  A  short  distance  south  of  Ridge- 
ville  it  is  covered  with  loose  lake  sand,  from  which  it  emerges  and 
runs  for  some  distance  with  perfect  distinctness  toward  Lenawee 
Junction,  in  which  locality  it  is  again  confused  by  the  same  means; 
and  its  point  of  exit  from  the  State  is  not  fully  known.  A  ridge 
which  superficially  shows  nothing  but  common  hardpan  appears  in 
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Amboy  Township,  Fulton  County,  Ohio,  entering  the  State  from 
the  north-east  a  mile  and  a  half  west  of  Metamora.  It  has  not 
been  traced  connectedly  to  Delta,  in  the  same  county;  indeed, 
perhaps  could  not  be  on  account  of  the  abundance  of  lake  sand 
which  is  spread  irregularly  over  much  surface,  but  a  similar  ridge 
appears  at  Delta,  and  thence  runs  south- westwardly  to  West  Barre, 
Ridgeville,  and  the  point  of  crossing  of  the  Maumee  River  in 
Richland  Township,  Defiance  County.  South  of  the  Maumee  it 
shows  at  once  a  tendency  to  duplication,  one  part  running  to 
Ayersville,  and  so  on  south-easterly,  as  already  described,  being 
the  inner  margin  of  the  Blanchard  Moraine ;  and  the  other  run- 
ning in  about  the  same  direction  to  Belmore,  where  the  two  ridges 
have  their  greatest  separation,  a  little  over  four  miles.  East  of 
Belmore,  the  Belmore  Ridge  runs  separately  to  PickensviUe  in 
Hancock  County,  thence  north-easterly  in  a  line  parallel  with  the 
inner  margin  of  the  Blanchard  Moraine,  and  about  three  and  a 
half  miles  north  of  it,  to  Eagleville  in  Wood  County.  East  of 
Eagleville  it  has  only  been  traced  about  five  miles.  Through 
Seneca  County  it  has  not  been  located,  but  it  is  probably  the  same 
as  that  known  in  the  eastern  part  of  Sandusky  County  and  ^- 
ther  east  as  the  North  Ridge. 

/?.  Its  External  Farm, 

This  ridge  has  the  form  of  the  Van  Wert  Ridge.  Where  it  is 
distinct  from  the  Blanchard  Moraine,  it  is  from  five  to  ten  feet 
high,  and  from  six  to  fifteen. rods  over.  It  is  generally  very  con- 
stant, and  uniform  in  its  height  and  direction,  only  disappearing, 
like  the  Van  Wert  Ridge,  in  the  vicinity  of  streams.  It  ofiTers 
little  or  no  impediment  to  the  descent  of  the  surface  drainage  over 
the  country  in  accordance  with  the  principal  slope.  In  some 
places  it  is  better  developed  than  in  others,  and  gives  rise  to  a 
broken  surface  which  spreads  laterally  over  a  space  of  twenty  or 
thirty  rods.  It  has  not  been  observed  to  be  itself  doubled ;  yet 
it  has  not  been  sufiSciently  examined  to  prove  the  contrary.  It 
forms  the  foundation  for  a  splendid  gravel  road,  which  is  always 
dry  even  in  the  wettest  seasons,  when  the  clay  roads  adjoining  on 
either  side  are  absolutely  impassable. 

7.  lU  Contents, 

It  consists  of  gravel,  with  occasional  stones  and  boulders ;  yet 
in  some  places  it  is  of  hardpan.    At  Delta,  on  Mr.  Spencer's  fiom, 


Digitized  by  VjOOQIC 


6B0L0OY  AND   GBOGIUFHY.  179 

it  occurs  as  a  low,  inferior  ridge,  consisting  more  especiaUy  of 
stones  and  boalders,  running  near  the  base  of  the  hardpan  of  the 
Blanchard  Moraine. 

c5.  Its  Altitude  above  Lake  Erie, 

But  few  elevations  have  been  obtained  on  this  ridge,  but  enough 
to  indicate  its  accord  with  the  St.  Mary's  Ridge  in  being  lower  at 
the  Maumee  than  at  points  further  from  the  axis  of  that  valley. 
Its  average  altitude  above  Lake  Erie  seems  to  be  about  one  hun- 
dred and  fifty  feet 

Elbyations  on  the  Bblmorb  Bidob  aboyb  Lake  Esib. 

Two  miles  east  of  Ypsilanti,  Michigan  (Ypsilanti  Station, 

165  ft.  +  15  ft.,  Michigan  Central  RaUroad) 170  feet. 

Lenawee  Junction  (L.  S.  and  M.  S.  Railroad) H2  „ 

Lenawee  Junction  (by  the  preliminary  survey  of  1887)     .    .  154  „ 

Delta,  Fulton  County,  Ohio  (Air  Line  of  L.  8.  &  M.  S.  Raikoad)  146  „ 
Three  and  a  half  miles  east  of  Defiance  (Toledo,  Wabash, 

and  Western  Railroad) 166  „ 

Belmore  (Dayton  and  Michigan  Raihroad) . 160  „ 

e.  Its  Origin, 

It  will  be  noticed  that  this  moraine  follows  a  great  moraine  in 
the  same  way  as  the  Van  Wert  Ridge.  In  both  cases  the  great 
moraine  which  precedes  consists  almost  entirely  of  hardpan,  with 
gravel  and  stratified  deposits  buried  deep.  It  is  true  also  that  in 
both  cases  the  gravel  moraine  which  closely  follows  consists  of 
stratified  gravel  overlying  the  principal  mass  of  the  hardpan. 
They  seem  not  only  to  have  a  similar  relation  to  the  great  moraine 
preceding,  but  also  to  have  had  a  similar  origin.  No  such  sharp 
gravel  ridges  follow  the  St.  John's  and  the  Wabash  Ridges.  The 
intervals  by  which  the  St.  John's,  the  Wabash,  and  the  St.  Mary's 
Ridges  are  separated  are  very  nearly  equal.  The  occurrence  of 
these  gravel  moraines  indicates  the  advent  of  a  disturbing  element 
in  the  hitherto  regular  halts  of  the  ice-foot.  The  retreat  which 
followed  the  first  amounted  to  about  thirty-five  miles  before  an- 
other period  of  cold  intervened  to  bring  on  another  great  moraine. 
The  retreat  of  the  ice-foot,  after  the  second  gravel  moraine  (the 
Belmore  Ridge)  was  formed,  was  continued  beyond  the  limits  of 
Ohio  before  another  halt  occurred,  and  its  location  is  not  known. 
The  observed  intervals  then  are  about  as  the  numbers :  — 

15  :  15  :  2  :  35  :  3J  :  ic 
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in.    Thb  Lacustbinb  Abba. 

(a)  JEvidencea  of  Submergence^ — their  Altitude. 

That  considerable  portions  of  North- Western  Ohio,  North-Eagfr- 
em. Indiana,  and  South-Eastem  Michigan  hare  been  sabmeiged 
since  the  deposition  of  the  hardpan  drift,  cannot  be  denied.  There 
are  evidences  of  the  presence  of  Lake  Erie  scattered  over  a  wide 
tract,  up  to  an  altitude  of  two  hundred  feet  above  its  present  leveL 
Mr.  6.  EL  Gilbert  has,  in  the  article  already  referred  to,  foilj 
demonstrated  that  the  outlet  of  Lake  Erie  was  at  one  time  through 
the  valley  of  the  Wabash,  the  limestone  rim  of  Niagara,  at  Hunt- 
ington, Indiana,  then  setting  limit  to  the  height  of  its  waters. 
Over  that  barrier  it  was  compelled  to  pass.  The  evidences  of  its 
extending  to  that  elevation  consist  of:  — 

a.  **  Limestone  Ridges." 

These  are  slight  eminences  consisting  of  the  limestone  rock  of 
the  country,  rising  a  few  feet  above  the  general  surface,  from 
which  the  drift  l^as  been  entirely  washed  o£^  leaving  the  rock 
bare,  and  wrought  into  those  fantastic  forms  which  result  from  the 
breaking  of  waves  and  the  action  of  frost  on  all  rocks  along  the 
shores  of  the  lakes  or  of  the  ocean.  These  ridges  are  most  com- 
mon in  Wood,  Sandusky,  Seneca,  and  Lucas  Counties,  all  lying 
within  the  last  of  the  moraine  ridges.  About  these  ridges  boul- 
ders of  northern  origin  are  very  abundant.  While  they  may  be 
found  occasionally  in  all  parts  of  the  district  under  consideration, 
lying  on  the  surface,  they  are  by  no  means  conunon.  Their 
specific  gravity  alone  would  carry  them  to  the  bottom  of  a  plastic 
mass  like  the  drift-sheet,  when  undergoing  the  mixing  motion  in- 
cident to  the  movement  of  the  glacier.  They  are  found  to  prevail 
specially  at  the  bottom  of  the  hardpan,  although  they  are  found 
throughout  that  deposit  from  bottom  to  top.  Wheu  the  gentle 
action  of  water  and  winds  was  brought  to  bear  on  this  deposit, 
which  may  have  been  at  the  moment  of  its  deposition  by  the 
glacier,  the  easily  transportable  parts  were  sift;ed  out  and  carried 
a^ay  to  be  deposited  by  constant  currents  in  horizontal  lamina- 
tions over  the  adjoining  surfaces,  or  by  the  buffeting  of  waves,  in 
the  absence  of  constant  currents,  to  be  piled  up  as  bars  and  beaches 
near  the  margin  of  that  overspreading  sheet  of  water.      In  this 
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manner  the  prominent  places  were  levelled  ofi^  and  the  low  places 
were  filled  up.  In  the  former,  the  immovable  boulders  were  left 
on  the  surface  of  the  denuded  rock ;  in  the  latter,  the  surface  was 
covered  with  a  very  fine  laminated  sand  and  clay,  or  with  massive 
banks  of  beach  sand  with  no  visible  stratification.  The  boulders 
on  these  *' limestone  ridges"  are  very  often  grouped  about  the 
base  of  the  ridge,  encircling  it  in  a  belt,  with  very  few  lying  on 
the  top. 

p.  Ozars  and  Beachei. 

North-Westem  Ohio,  although  in  general  a  vast  level  tract,  yet 
has  undulations  of  surface  due  primarily  to  the  form  of  the  surface 
of  the  rock  underlying,  which  may  be  invisible  to  the  eye  of  the 
traveller,  after  the  spreading  of  the  drift,  but  which  would  cause 
shallows  and  sand  bars  to  diversify  the  lake  bottom.  These  and 
the  moraine  ridges  would  be  the  first  barriers  to  the  unbroken 
advance  of  waves.  There  are  many  places  where  the  latter  have 
formed  the  nucleus  for  the  accumulation  of  drifting  sand,  and,  by 
the  constant  breaking  of  waves,  for  the  formation  of  ozars.  There 
are  others  where  they  seem  to  have  served  for  some  time  as 
beaches  for  short  intervals.  Accumulations  of  light  yellow  sand, 
in  the  form  of  knolls  fix>m  five  to  fifty  feet  high,  are  found  through- 
out the  country  up  to  the  height  supposed  to  have  been  the  limit 
of  Lake  Erie.  These  sand  accumulations  sometimes  take  the 
form  also  of  long  ridges,  which  have  a  rough,  undulating  exterior, 
and  run  for  a  number  of  miles  in  the  same  direction.  They 
are  found,  however,  to  have  no  uniformity  of  direction  among 
themselves  except  when  their  nudei  first  had  such  uniformity. 
Such  sand  is  very  often  accumulated  to  an  astonishing  amount 
on  the  tops  of  the  limestone  ridges;  the  boulders  round  the 
base,  and  perhaps  an  exposure  of  the  rock  in  situ^  indicating  the 
cause  of  the  accumulation.  In  character  this  sand  is  loose,  homo- 
geneous, and  yellow.  It  contains  no  gravel,  boulders,  or  coarse 
materials  of  any  kind,  except  where  they  have  been  forced  upon 
it  by  other  means,  and  shows  no  stratification.  Sometimes,  espe- 
cially in  the  vicinity  of  the  Maumee  River,  in  Henry  County,  and 
also  throughout  much  of  Fulton  and  Defiance  Counties  at  points 
remote  from  that  river,  it  is  spread  very  evenly  over  the  surface, 
covering  many  square  miles.  In  the  case  of  the  limestone  ridges, 
when  sand  covers  them,  the  trailing  of  the  sand  shows  the  resultant 
of  all  forces  acting  upon  it  to  have  been  toward  the  south  or 
south-west. 
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7.  Laminated  Clay, 

As  has  already  been  remarked,  in  some  parts  of  the  district 
under  consideration,  and  notably  along  the  Manmee  River,  and 
at  some  places  along  the  valley  of  the  Sandusky  Biver,  the  great 
sheet  of  hardpan  is  overlain  by  a  laminated  clay,  which  contains 
no  boulders  and  no  graveL  Although  the  denudation  of  the 
prominent  parts  of  the  original  drift  sur^Eice  by  the  action  of  waves 
and  currents  may  have  supplied  material  for  some  portion  of  this 
laminated  deposit,  yet  it  is  not  believed  to  have  been  the  source 
of  the  greater  portion.  The  location  of  the  principal  portion  of 
these  laminated  clays  along  the  drainage  valleys,  —  as  the  Maumee 
and  the  Sandusky,  —  as  well  as  their  thickness  and  extent,  will  not 
admit  of  their  reference  to  those  accidental  and  often  remote  and 
isolated  denudations.  This  lamination  is  believed  to  be  due  to 
the  action  of  those  streams  on  the  drift  at  the  moment  of  its  depo- 
sition. When  the  foot  of  the  St.  Lawrence  glacier  stood  at  Fort 
Wayne,  the  escaping  water  must  have  had  little  or  no  effect  in 
spreading  the  drift  laterally  in  the  form  of  laminations  over  the 
surface,  the  outlet  being,  probably,  at  that  time,  through  the  valley 
of  the  Wabash.  The  St.  Mary's  River — and  the  St.  Joseph  also, 
if  it  may  be  supposed  then  to  have  had  an  existence  —  would  find 
easy  escape  through  the  same  channel,  and  there  would  be  but 
little  standing  water  in  the  form  of  a  lake  to  act  on  the  drift  at 
that  point.  Hence  these  surface  laminations  have  not  been  seen 
at  Fort  Wayne;  on  the  contrary,  the  immediate  banks  of  the 
Maumee  consist  there  of  the  typical  hardpan.  When,  however, 
the  ice-foot  had  retreated  to  Defiance,  and  there  halted  for  a  period 
of  time,  the  action  of  the  rivers,  coming  from  higher  land,  and 
uniting  there  to  form  the  beginning  of  Lake  Erie,  and  especially 
of  the  Auglaize  and  Tiffin,  would  be  to  stratify  the  surface  of  the 
drift  along  the  margin  of  the  ice.  The  only  portion  of  the  St. 
Lawrence  Valley  not  then  filled  with  glacier-ice  would  be  that 
portion  between  Defiance  and  Fort  Wayne.  It  was  probably  to 
a  great  extent  filled  with  the  water  brought  in  by  the  St  Mary's, 
St.  Joseph,  Auglaize,  and  Tiffin  Rivers.  Its  outlet  must  still  have 
been  by  the  Wabash  Valley.  It  is  a  fact  that  at  Defiance,  and 
over  a  belt  five  or  six  miles  wide  running  north  and  south  from 
that  city  along  the  outside  of  the  great  Blanchard  Moraine,  the 
surface  of  the  drift  is  finely  assorted  and  laminated,  the  resulting 
clay  being  too  fine  for  easy  agriculture.    There  are  here  also  evi- 
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dences  of  beach  action  in  the  form  of  yellow  sand.  In  some 
places  along  the  Tiffin  River  this  light  sand  shows  an  oblique 
lamination  due  to  currents.  Indeed,  there  are  very  slight  changes 
and  insensible  gradations,  seen  in  travelling  over  the  country  near 
Defiance,  in  the  characters  of  these  two  deposits,  the  fine  tough 
clay  sometimes  becoming  a  little  sandy,  and  making  a  fine  loam ; 
the  loam  finally  acquiring  gravel  stones,  and  passing  into  a  hard- 
pan  soil  again.  These  instances  of  the  blending  of  the  characters 
of  these  three  separate  features  of  the  drift  show  the  narrowness 
of  the  field  in  which  the  different  forces  producing  them  were 
confined.  The  glacier  was  bringing  forward  the  crude  debris  of 
the  hardpan.  The  Auglaize  and  the  Tiffin  were  busy  with  their 
ireshet  currents  in  carrying  off  the  fine  parts  to  spread  them  over 
the  surface  of  the  drift  already  deposited,  and  the  standing  water 
of  the  lake  was  buffeting  with  its  waves  against  the  work  of  both, 
and  covering  them  with  fine  sand,  or  mixing  them  all  so  as  to 
make  each  almost  unidentifiable.  Below  Defiance,  at  Perrysburg 
and  Toledo,  the  action  of  the  Maumee  alone  is  seen  in  the  same 
kind  of  laminations.  At  this  time  the  lake  must  have  been  low- 
ered by  some  other  outlet,  so  as  to  give  the  Maumee  a  chance  for 
existence. 

6.  Cause  of  this  Submergence. 

It  is  easy  to  see  the  cause  of  this  submergence  of  North- Western 
'Ohio  below  the  water  of  Lake  Erie,  in  the  freezing  up  of  all  its 
other  outlets.  It  is  a  fact  that  the  present  outlet  of  the  St.  Law- 
rence Valley  is  far  to  the  north ;  and  it  is  reasonable  to  suppose 
that  the  hold  of  the  glacier  on  those  outlets  would  be  last  relin- 
quished. Mr.  M.  C.  Read,  of  the  Ohio  Survey,  has  suggested  an 
ancient  outlet  of  Lake  Erie  through  Central  Ohio.  Its  altitude 
compared  with  that  through  the  Wabash  Valley  is  not  known. 
It  is  ftirthermore  evident  that  the  level  of  the  lake  would  not  be 
stationary  at  any  point  for  a  long  period.  If  it  depended  on  the 
shifting  of  the  ice  at  its  outlet,  it  would  be  likely  to  rise  and  fall 
according  to  the  severity  of  the  climate.  This  will  account  for 
the  absence  of  well-marked  beacl^s. 

In  the  same  manner  the  former  outlet  of  Lake  Michigan  through 
the  valley  of  the  Des  Plaines  River  must  have  been  due  to  the 
occupancy  of  its  present  outlet,  through  the  Straits  of  Mackinaw, 
by  the  ice  of  the  retreating  glacier. 
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IV.    Glagibb  Masks, — thkib  Direction. 

In  every  case  observed,  the  direction  of  glacier  scratches  coin- 
cides with  and  corroborates  the  supposed  motion  of  ice  up  the 
Maumee  Valley. 


Location. 


Within  the  Blanchard  Ridge. 
Fonnatiozi. 


South-east  end  of  Put-in-Bay  Island 

Half  mile  north  of  Genoa,  Ottawa 
County. 

West  line  of  Sandusky  County,  bed 
of  Portage  River. 

Sect  9,  Harris,  Ottawa  County. 

South-west  quarter  Sect.  86,  Jack- 
son, Sandusky  County. 

South-west  quarter  Sect.  19,  Pleas- 
ant, Seneca  County. 

Sect.  29,  Pleasant,  Seneca  County. 

North-west  quarter  Sect  7,  Portage, 
Wood  County. 

North-west  quarter  Sect  12,  Free- 
dom, Wood  County. 

South-west  quarter  Sect.  9,  Free- 
dom, Wood  County. 

South-east  quarter  Sect.  80,  Free- 
dom, Wood  County. 

Otsego,  Wood  County. 

Otsego,  Wood  County. 
Otsego,  Wood  County. 
Whiteford,  Monroe  County,  Mich. 


Waterlime. 

Waterlime. 

Waterlime. 
Waterlime. 

Waterlime. 

Niagara. 

Niagara  (dip  north-east 
IQo). 

Waterlime. 

Waterlime. 

Waterlime. 

Waterlime. 
Lower  Comiferous. 

Lower  Comiferous. 
Lower  Comiferous. 
Waterlime  1 


DirootlOB. 
South  620  west 

South  60^  west 

South  680  west 
South  18^  west 

South  650  west 

South  66^  west. 

South  440  west 

South  W>  west 

South  50^  west 

South  W>  west 

South  50<>  west  ' 
South   66<>— 680 

west 
South  68^  west 
South  eO°  west 
South  81^  west  & 

south  90^  west 


Between  the  Blanchard  and  the  Van  Wert  Ridgee, 


Findlay,  Hancock  County. 
Findlay,  Hancock  County. 
Findlay,  Hancock  County. 

Sect.  80,  Blanchard,  Putnam  Co. 
Sect.  18,  Sugar  Creek,  Putnam  Co. 
Sect  81,  Auglaize,  Paulding  County 


Niagara  (slope  east80<>). 
Niagara  (level  surface). 
Niagara  (in  the  Blanch- 
ard R.  level  surface). 
Waterlime. 
Waterlime. 
Upper  Comiferous. 


South  450  west 
South  40^  west 

South  W  west 
South  280  west 
South  6O0  west 
South  48^  west 


Between  the  Van  Wert  and  the  St,  Man/'s  Rtdgee. 

North-east  quarter  Sect.  28,  Seneca, 

Seneca  County.  Waterlime.  South  5^  east 

Note,  —  These  marks  are  crossed  and  erased  by  the  next 
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Locatloii.  Fonnation.  Direction.* 

North-east  quarter  Sect.  28,  Seneca, 

Seneca  County.  Waterlime.  South  28®  wert. 

Sect.  1,  Amanda,  Hancock  County'.  l^ara.  South  82o  west 

North-west  quarter  Sect.  84,  Craw- 
ford, Wyandot  County.  Waterlime.  South  20°  west. 

Sect.  24,  Crane,  Wyandot  County.  Waterlime.  South  69  west 

Sect  16,  Amanda,  Allen  County.  Waterlime.  South  S6^  west 

Bettveen  the  St,  Mary's  and  the  Wabaah  Ric^. 

Sect.  18,  Marseilles  (west  of  the  tU- 

l*g«)>  Wyandot  County.  Niagara.  South  1(P  west  to 

south  1(K>  east, 
some  bemg  due 
north  &  south. 

Between  the  Wabash  and  the  SL  John's  Ridges. 

North-west  quarter  Sect  26,  Grand 

Pndrie,  Marion  County.  Upper  Comiferous.       North  and  south. 

y.    No  Etidsncb  of  the  Chahplain  Epoch. 

Above  the  altitude  of  the  outlet  by  way  of  the  Wabash  Valley, 
the  writer  has  seen  no  eyidence  of  submergence  below  Lake  Erie. 
The  laminated  clays,  the  denuded  rock  surfaces,  and  the  superficial 
yellow  sand,  are  entirely  wanting  above  about  two  hundred  feet. 
The  drift  shows  its  glacier  origin,  as  already  explained,  without 
the  modifying  action  of  lake  water.  If  the  Ohamplain  Epoch  can 
be  understood  to  mean  the  submergence  of  certain  portions  of  the 
St  Lawrence  Yalley  incident  to  the  blocking  up  of  its  northern 
outlet  by  the  retreating  foot  of  the  glacier,  it  is  necessary  to  admit 
its  existence  in  North- Western  Ohio.  But  it  is  believed  those 
who  advocate  the  Champlain  and  Terrace  Epochs,  and  who  would 
spread  them  over  the  whole  north-west  and  the  continent,  will  not 
^gree  to  that  circumscribed  limit  By  them  it  is  believed  the  con- 
tinent has  been  submerged,  in  some  places  by  fresh  water,  and  in 
others  by  salt,  subsequent  to  the  deposition  of  the  drift ;  and  that 
the  prevailing  waters  acted  on  the  drift,  assorting  and  arranging 
it  as  we  find  it  Others  ascribe  the  origin  of  the  drift  directly  to 
this  submergence,  supposing  it  to  consist  of  stratified  clays  through- 

*  All  these  obserrations  may  be  coirected  to  the  true  Meridian  by  dedncting 
7P  W  easting,  that  being  the  average  rariation  of  the  needle  in  North- Western 
Ohio  in  the  summer  of  1871. 
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out.  Others  imagine  icebergs  floating  over  this  Jake,  frdgfated 
with  stones,  boulders  (and  clay?),  to  have  brought  the  whole  from 
northern  regions.  With  the  most,  if  not  the  whole,  of  these 
Cfuimplain  JBaptUU  the  drift  is  supposed  to  have  originated  in 
some  way  during  the  prevalence  of  the  water. 

We  only  wish  to  say  that  in  North-Westem  Ohio  there  is  not 
only  no  evidence  of  such  a  submergence,  but  it  is  not  necessary 
to  suppose  it,  to  account  for  any  of  the  phenomena  of  the  drift. 
If  the  glacier  and  all  its  consequences  be  admitted,  nothing  further 
is  necessary.  Indeed  the  most  indubitable  proof  of  the  glacier 
origin  of  the  drift,  and  of  nearly  all  of  its  features,  may  be  read 
from  the  drift  itsel£ 

VI.    No  .Evidence  of  the  Tebbacb  Epoch. 

As  there  is  no  evidence  of  the  Champlain  Epoch  in  North- 
Westem  Ohio,  so  there  is  none  of  the  Terrace  Epoch.  These 
two  are  supposed  to  complement  each  other.  As  the  Champlain 
Epoch  waned,  the  Terrace  Epoch  advanced.  The  standing  of  the 
ocean  at  higher  levels  caused  the  rivers  to  run  at  greater  altitude, 
and  to  widen  their  beds.  As  the  ocean  receded  the  river  beds 
were  deepened  and  narrowed,  leaving  terraced  banks.  This  may 
be  the  cause  of  terraced  banks,  where  they  existy  but  the  streams 
of  Central  and  North-Westem  Ohio  have  not  terraced  banks.  In 
the  area  covered  by  the  St  Lawrence  glacier  in  North-Westem 
Ohio,  the  banks  of  the  streams  are  worn  evenly  down  to  the  sur- 
face of  the  rock  and  consist  of  drift  materials  only,  the  water  not 
yet  having  excavated  channels  in  the  rock  itself  But 'in  Central 
Ohio,  outside  the  area  covered  by  the  latest  period  of  gladation, 
the  streams  are  much  older,  and  have  in  some  cases  dug  channels 
in  the  rock  to  the  depth  of  thirty  or  even  sixty  feet  before  reach- 
ing their  present  levels.  In  neither  case  is  there  any  series  of 
terraces  or  benches  marking  so  many  halting-places  in  the  procesd 
of  erosion. 
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4.  On  thk  Eastbbn  Limit  of  Cbbtaceous  Dsposits  in  Iowa. 
By  C.  A.  White,  of  Iowa  City,  Iowa. 

At  the  Chicago  Meeting  of  this  Associatioii  I  had  the  honor  to 
announce  the  existence  of  Cretaceous  strata  in  Guthrie  County, 
Iowa,  where  they  rest  unconformably  upon  the  Coal  Measures,  the 
locality  lying  about  eighty  miles  eastward  from  the  Missouri  River, 
and  about  forty  miles  west  of  the  city  of  Des  Moines.  I  have  sub- 
sequently examined  other  Cretaceous  strata  in  Brown  and  Red- 
wood Counties,  in  South- Western  Minnesota,  where  they  rest 
unconformably  upon  rocks  of  Azoic  age. 

So  far  as  I  am  aware,  these  are  the  most  easterly  localities  in 
the  interior  region  of  North  America  at  which  strata  of  Creta- 
ceous age  have  been  actually  observed  in  situ.  The  Cretaceous 
rocks  first  mentioned  are  referred  to  the  division,  which  in  my 
Report  on  the  Geology  of  Iowa,  I  have  named  the  Nishnabotany 
san.dstone,  and  the  latter,  to  the  division  called  Inoceramus  beds  in 
the  same  report.  All  these,  as  well  as  all  the  Cretaceous  rocks 
hitherto  known  in  the  interior  region,  eastward  from  Eastern 
Nebraska  and  Dakota,  are  referred  to  the  <*  Earlier  Cretaceous  ** 
of  Meek  and  Hayden. 

I  have  now  to  announce  discoveries  of  Cretaceous  fossils  and 
fragments  of  strata  containing  them,  in  the  drift  of  Iowa,  at  other 
points  much  further  eastward;  the  collectioiis  which  have  been 
made  at  different  localities  containing  specimens  which  belong  to 
several  of  the  most  characteristic  types  of  that  period,  especially 
of  its  later  epochs. 

During  the  year  1870  my  attention  was  called  to  the  existence 
of  these  fossils  in  the  drift  of  Howard  County,  Iowa,  by  Mr.  John 
T.  Smith,  of  Lime  Springs,  and  a  few  months  ago  I  visited  the 
locality  indicated,  in  company  with  him. 

It  is  found  in  a  railroad  cut  just  north-west  of  the  village,  which 
is  less  than  five  miles  south  of  the  northern  boundary  of  Iowa. 

The  fossils  and  fragments  of  strata  are  found  in  the  ordinary, 
compact,  bluish  clay  of  the  unaltered  drift,  twenty  or  twenty-feet 
beneath  the  surface  of  the  soil. 

The  collections  have  not  yet  been  critically  studied,  but  the 
following  statement  of  the  genera  represented  in  the  one  made 
at  Lime 'Springs  will  g^ve  a  general  idea  of  its  character:  — 
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1.  Sqoaloid  teeth,  of  the  genus  Otodus. 

2.  Teeth  of  Sauracephdlus  t 

8.  Bones,  teeth,  and  scales  of  Teliost  fishes. 

4.  BeUmnUelloL. 

5.  Ammonites  (two  species). 

6.  Natica  t  f 

7.  Dentdlitim. 

8.  Ostrea. 

9.  InoceramuB. 

10.  Ledat 

11.  Cytherecu 

12.  Ccrbida. 

Mr.  P.  Mclsaac,  of  Waterloo,  Black-Hawk  (Tounty,  Iowa,  has 
lately  found  a  Belemnitella  in  the  unaltered  drift  near  that  city 
in  addition  to  the  Ammonite  he  found  there  a  few  years  aga 
The  Belemnitella  is  of  the  same  species  as  those  found  in  Howard 
County,  sixty  miles  directly  north.  The  fish-teeth  have  been  sub- 
mitted for  examination  to  my  friend,  Professor  O.  H.  St.  John, 
who  writes  me  as  follows  concerning  them:  — 

All  the  Bqualoid  teeth  belong  to  the  genas  (Hodua  of  Agassis,  and  may 
represent  three  species,  bat  I  suspect  they  are  bat  so  many  forms  of  one 
'species;  this  relationship  can  be  determined  only  by  examination  of  a  madi 
larger  suite  of  specimens,  since  the  teeth  vary  so  much  in  shape  and  site, 
from  different  portions  of  the  jaws.  I  have  not  been  able  to  detennine 
their  specific  identity,  thoagh  they  are  somewhat  like  0.  appmdiadaJ^^ 
Ag.,  a  form  originally  made  known  from  the  European  Chalk  formation, 
and  with  which  later  Cretaceous  and  Tertiary  teeth  from  this  country  have 
been  identified  —  I  do  not  presume  to  say  upon  what  authority.  With  wme 
of  the  latter  your  specimens  are  intimately  related,  perhaps  identicaL  Yon 
have  two  or  three  firagments  of  teeth  (one  nearly  perfect)  which  are  prob- 
ably the  same,  generically,  as  those  firom  the  New  Jersey  Greensand  and 
laUr  deposits,  known  as  Sauroeephabu. 

All  these  teeth  evidently  belong  to  a  later  epoch  than  the  chalky  beds  on 
the  Big-Sioux  River,  near  Sioux  City,  the  fishes  of  which  have  a  mndi 
stronger  resemblance  to  those  forms  of  the  the  Chalk  of  Europe  than  have 
the  specimens  under  consideration,  while  the  squaloid  teeth  among  the  latter 
bear  the  most  intimate  resemblance  to  certain  forms  of  Oiodut  from  the 
•Cretaceous  rocks  of  Alabama.  Hence  I  conclude  your  specimens  have 
been  derived  fit>m  deposits  of  the  Later  Cretaceous,  probably  equivalent  to 
the  Alabama  fish-bearing  Cretaceous  strata.  That  they  are  very  late  Creta- 
ceous forms  there  can  be  no  doubt,  from  the  fact  of  their  close  relationship 
to  the  teeth  foond  in  the  Eocene  of  the  Old  World.    I  am  not  firepared  to 
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show  how  close  this  relationship  is,  although  the  first  sight  of  jonr  little  col- 
lection strongly  suggested  their  Eocene  age. 

Although  all  the  specimens  forming  the  subject  of  this  memoir 
have  been  found  in  the  drift,  they  have  been  found  at  such  local- 
ities and  under  such  circumstances  as  to  leave  no  doubt  in  the 
mind  of  the  writer  that  the  Cretaceous  sea  once  extended  as  far 
eastward,  between  the  fortynsecond  and  forty-fourth  parallels  of 
latitude,  as  the  ninety-second  degree  of  longitude  west  from. 
Greenwich.  This  is  nearly  two  hundred  miles  i^irther  eastward 
than  any  Cretaceous  deposits  were  known,  in  the  interior  region 
of  North  America  at  the  time  I  commenced  my  official  examina- 
tion of  the  Gteology  of  Iowa,  in  1866.  What  gives  additional 
interest  to  these  discoveries  is  the  fact  that  the  fossils  doubtless 
belong  to  a  Mesozoic  Epoch  as  late  as  any  yet  recognized  in  any 
part  of  North  America,  and  much  later  than  that  of  any  Creta- 
ceous strata  of  Iowa,  or  of  any  of  the  adjacent  parts  of  Nebraska 
and  Dakota,  hitherto  known.  It  is  true  the  deposition  of  late 
Cretaceous  deposits  only,  in  the  region  indicated,  requires  the 
assumption  that  a  subsidence  took  place  there  during  that  period, 
but  a  similar  condition  of  other  strata  is  found  in  South- Western 
Minnesota,  where  the  Inoceramus  beds,  as  before  stated,  rest  upon 
the  Azoic  rocks,  the  older  Nishnabotany  sandstone  being  absent 
there,  but  present  about  one  himdred  and  fifty  miles  to  the  south- 
westward. 

None  of  the  strata  in  which  these  fossils  were  originally  depos- 
ited have,  as  before  intimated,  been  found  in  situ;  but  fragments 
of  them,  and  also  the  material  of  the  drift  to  which  they  have 
evidently  in  part  given  origin,  show  that  they  were  soft  and  friable 
like  most  of  the  Cretaceous  rocks  of  the  great  interior  region. 
Consequently  they  were  readily  disturbed  and  removed  by  the 
forces  in  operation  during  the  Gladal  Epoch. 

While  much  of  the  material  of  these  strata  was  doubtless  trans- 
ported to  great  distances,  and  its  character  as  such  thus  obliterated, 
delicate  fossils,  as  well  as  soft  and  friable  fragments  of  the  strata, 
are  found  embedded  in  the  gravelly  clay  so  shghtly  eroded  as  to 
forbid  the  belief  that  they  have  been  transported  to  any  consider- 
able distance  from  the  place  of  their  origin.  The  fragments  of 
strata  referred  to  have  been  recognized,  so  far,  only  at  Lime 
Springs,  but  their  presence  there,  as  well  as  the  condition  in 
which  they  are  found,  inspires  the  confident  hope  that  we  may  yet 
find  sonte  of  these  Cretaceous  strata  in  situ  in  that  vicinity. 
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These  discoveries  also  suggest  that  we  should  scan  more  closely 
than  ever  before,  not  only  the  character  and  contents  of  the  drift 
of  Central  and  Eastern  Iowa,  but  also  some  of  the  strata  of  the 
same  regions,  especially  the  sandstones,  to  determine  with  oer- 
taitaty  whether  9ome  of  them  may  not  be  of  Mesozoic  age. 

On  page  98,  volume  I.  of  my  Report  on  the  Greology  of  lowsi 
I  have  the  following  remarks,  which  in  son\e  degree  antidpated 
the  discoveries  announced  in  this  memoir: — 

Mr.  P.  Mclsaac,  of  Waterloo,  Iowa,  has  shown  me  a  spechnen  of  Cre^ 
taceouB  Ammonite  which  he  found  in  the  drift  near  that  place,  and  a  fra^ 
ment  of  a  Baculite  has  been  found  in  the  drift  near  Iowa  City.  Some 
shark^B  teeth  have  been  found  in  the  drift  of  South-Eastem  Iowa,  and 
supposed  by  others  to  have  originated  in  a  northern  prolongation  of  the 
Gulf-border  Tertiary  formations,  but  it  seems  not  improbable  that  they 
originated  in  Cretaceous  strata  to  the  north-westward,  and  were  transported 
thither  during  the  Glacial  Epoch;  although  it  is  not  to  be  denied  that  they 
approach  more  nearly  to  Tertiary,  than  to  Cretaceous  forms. 

The  shark's  teeth  here  mentioned  were  supposed  to  have  been 
transported  thither  from  some  locality  in  North-Westem  Iowa  or 
South-Westem  Minnesota,  where  Cretaceous  strata  were  known 
to  exist,  because  it  was  not  then  supposed  that  any  strata  of  that 
age  ever  existed  further  eastward,  in  the  interior  region,  than  the 
ninety-fourth  degree  of  longitude,  and  it  was  thought  probable 
that  the  southerly-moving  drifl-currents  might  have  been  suf^ 
ficiently  deflected  to  the  eastward  to  carry  them  there.  Prom 
the  slight  opportunity  I  have  had  to  examine  the  teeth  here  re- 
ferred to,  I  am  led  to  regard  them  as  of  the  same  species  as  some 
of  those  found  at  Lime  Springs. 

From  the  last  named  locality  to  the  south-eastern  comer  of 
Iowa  the  direction  is  so  nearly  south,  we  cannot  doubt  that  the 
teeth  found  at  the  latter  point  may  have  been  carried  thither  from 
the  former,  by  a  drifl-current;  but  the  most  easterly  known  Cre- 
taceous strata  of  South-Westem  Minnesota  are  too  much  to  the 
westward  of  Lime  Springs  to  allow  us  to  suppose,  even  in  the  ab- 
sence of  corroborative  proof  to  the  contrary,  that  the  Cretaceous 
fossils  of  that  locality  may  have  originated  at  a  point  so  far  west- 
ward, because  all  the  facts  hitherto  observed  show  that  the  general 
direction  of  the  drifts-currents  which  passed  over  this  part  of  the 
great  interior  region  did  not  vary  much  from  south. 

It  is  probable  that  that  the  Cretaceous  fossils  found  in  the  drift 
of  Black-Hawk  County  may  have  originated  near  where  they  are 
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found,  but  that  county  being  directly  south  of  Howard,  they  may 
have  been  carried  thither  from  that  more  northern  region  by  a 
drift-current. 

Should  it  be  denied  that  the  Cretaceous  fossils  and  fragments 
of  strata  found  in  Howard  County  are  from  strata  originally 
deposited  in  that  vicinity,  the  only  alternative  would  be  to  assume 
that  they  have  been  carried  thither  by  drift-currents.  Following, 
is  a  condensed  statement  of  the  facts  supporting  the  former  propo- 
sition and  opposing  the  latter :  — 

1.  All  known  Cretaceous  strata  of  the  interior  region  north  of 
the  latitude  of  Howard  County  are  too  directly  and  too  far  to 
the  westward  to  allow  us  to  suppose  that  any  drift  current  could 
have  traversed  lines  having  a  direction  so  much  to  the  eastward. 

2.*  Those  Cretaceous  strata  are  not  known  to  contain  any  of 
the  species  found  in  Howard  County. 

3.  No  boulders  of  the  Sioux  quartzite  have  yet  been  detected 
in  the  drift  of  Howard  County,  although  it  is  found  in  situ  over 
a  lai^e  part  of  South-Western  Minnesota.  That  region  is  also, 
in  part,  occupied  by  the  Cretaceous  strata  just  referred  to.  If 
south-easterly  moving  drift-currents  had  existed  there,  they  would 
have  carried  material  from  both  these  kinds  of  rocks  to  Howard 
County  as  they  were  carried  into  all  Western  Iowa  by  southerly 
moving  currents. 

4.  In  the  drifts  accompanying  the  fossils  of  Lime  Springs,  are 
found  fragments  of  the  palaeozoic  rocks  which  occupy  only  the 
region  to  the  nortb  and  east  of  that  locality,  showing  that  they 
must  have  been  brought  there  by  either  southerly  or  south-westerly 
moving  drift-currents.  Therefore  the  Cretaceous  material  accom- 
panying them  must  also  have  been  brought  by  the  same  currents, 
if  by  any.  If  they  were  brought  by  these  currents  (which  is  not 
likely),  that  alone  would  establish  the  fact  of  the  great  eastward 
extension  of  the  Cretaceous  sea,  which  it  is  the  object  of  this 
memoir  to  prove. 

5.  Many  of  the  lime  Springs'  fossils  are  delicate,  but  they  are 

*  Since  this  article  was  read  before  the  Assodation,  I  haye  received  from  Mr. 
J.  C.  C.  Hoskins,  of  Sioux  Ci^,  a  quantitj  of  fossils  from  the  Cretaceous  strata 
in  that  yicinitj  and  further  north.  Among  these  are  teeth  belonging  to  the 
genera  Ptychodus  and  Otodus,  the  latter  very  doselj  related  to  those  of  that 
genus  found  at  Lime  Springs,  but  probably  specifically  diff'erent.  In  any  case 
these  specimens  of  Otodus  thus  associated  show  the  existence  of  forms,  in 
"Earlier  Cretaceous"  strata,  that  were  hitherto  supposed  to  haye  their  earliest 
imit  in  th»  hitest  strata  of  Cretaceous,  or  the  earliest  of  Tertiary,  age. 
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not  broken  nor  eroded,  and  fragments  of  the  soft  and  friable  strata 
containing  them  are  not  comminuted,  while  the  accompanying 
fragments  of  paleozoic  strata  are  all  hard,  and  show  evidence  of 
such  attrition  as  would  have  conmiinuted  the  softer  material,  if  it 
had  been  subjected  to  the  same  forces. 

6.  The  immense  energy  of  the  drift  forces  and  the  softness  of  the 
material  of  the  Cretaceous  strata  believed  to  have  been  deporited 
in  the  region  of  Howard  County,  seem  to  be  suffident  to  account 
for  their  almost  entire  obliteration ;  while  they  were  still  further 
obscured  by  the  great  accumulation  of  drift  material  which  pre- 
vails in  that  region. 


n.    ZOOLOGY  AND  BOTANY. 

1.  On  thb  Rblation  betwbbn  Obganic  Yioob  aitd  Sbz.    By 
Henbt  Habtshobnb,  of  Philadelphia,  Penn. 

Thb  observations  of  Thomas  Meehan  upon  the  relations  of  sex 
in  plants,  published  in  the  ^  Transactions  of  the  American  Associ- 
ation for  Advancement  of  Science,'^  and  elsewhere,  are  entitled 
to  the  attentive  consideration  not  only  of  botanists  but  also  of 
students  of  general  biology.  In  his  papers  of  1868,  1869,  and 
later,  Mr.  Meehan  has  endeavored  to  show  that  *^  it  is  the  highest 
types  of  vitality  only  which  take  on  the  female  form."  *  His  facts 
have  referred  mainly  to  Cani/ercB  and  AmentacecBj  although  not 
confined  to  theuL 

The  hesitation  felt  by  many  minds  in  regard  to  the  acceptance 
of  the  above  proposition  has  originated  chiefly  from  the  familiarity 
of  the  principle  that  ^  there  is  a  certain  degree  of  antagonism 
between  the  nutritive  and  the  generative  functions,  the  one  being 
executed  at  the  expense  of  the  other ; "  along  with  the  weight  of 
some  very  familiar  facts  concerning  the  generally  greater  size 

*  Froc.  of  Amer.  Assoc,  for  Adyanc.  Science,  1869,  p.  260. 
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and  muscalar  strengtii  of  the  male  among  animals  (with  a  few 
exceptions,  as  in  certain  raptorial  birds  and  arachnida)  as  well 
as  the  equally  general  superiority  of  male  birds  in  voice  and 
plumage. 

Some  of  the  facts  in  regard  to  plants  cited  in  the  papera  referred 
to  may  possibly  bear  a  different,  even  an  opposite,  interpretation 
to  that  given  by  Mr.  Meehan.  In  his  example  of  the  larch,  for 
instance,  when  we  notice  that  after  surviving  several  years  of  the 
repeated  production  of  female  flowers,  the  branches  or  spurs 
**  bear  male  flowers  and  die,"  *  is  it  not  possible  that  the  demand 
for  organic  force  required  in  the  evolution  of  male  flowers  causes 
their  exhaustion  ?  In  another  place  t  Mr.  Meehan  speaks  of  "  the 
loss  of  power  to  branch,"  which  in  the  Scotch  pine, "  the  formation 
of  male  flowers  induces,"  This  view  might  compoirt,  at  leasl;, 
with  the  ordinary  statements  of  physiologists,  as  represented  by 
Dr.  Carpenter  J  who  refers  to  the  contrast  between  Algse,  in  which 
individual  construction  is  especially  active,  while  the  fructifying 
organs  are  obscure,  and  fungi,  in  which  almost  the  whole  plant 
seems  made  up  of  reproductive  organs,  upon  the  maturing  of 
which  the  plant  ceases  to  exist.  This  contrast  between  nutrition 
and  reproduction  appears  again  in  the  larval  and  perfect  stages 
of  insect  life ;  the  one  being  devoted  to  nutrition  and  the  other 
to  reproduction.  Is  there  any  doubt  that,  in  the  dahlia  and  other 
Compositse,  cultivation  alters  fertile  florets  of  the  disk  into  barren 
florets  of  the  ray  ?  The  gardener's  common  use  of  the  principle 
of  limiting  niOrition  for  the  increase  of  reproduction  is  alluded 
to  by  Mr.  Meehan  in  his  paper  of  1870,  §  in  speaking  of  a  branch 
being  **  partially  ringed  to  produce  fruitfvlnessr 

But  my  purpose  in  the  present  paper  is  especially  to  caU  atten- 
tion to  a  few  well-known  facts  in  the  animal  kingdom,  of  a  char- 
acter somewhat  analogous  to  those  dwelt  upon  above  concerning 
plants ;  which  conspire  with  these,  in  suggesting  that  some  qualifi- 
cation or  addition  may  be  required  to  the  ordinary  statements 
concerning  the  relations  between  nutrition  and  reproduction,  or 
at  least  as  to  those  between  organic  vigor  and  sex. 

Take  the  instance  of  the  common  hive-bee  (Apis  mell^fica). 
According  to  the  observations  of  Dzierzon,  Von  Siebold,  Leuck- 

*  Proc.  of  Amer.  Assoc,  for  Advanc.  Science,  1869,  p.  267. 
t  Proc.  Acad.  Nat  Sciences,  PhUa.,  1869,  No.  2,  p.  122. 
t  Principles  of  Comparatiye  Physiology,  p.  147. 
§  Proc.  of  Amer.  Assoc,  for  Adranc.  Sdence. 
i.  ▲.  ▲.  s.  VOL.  XXI.  25 
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art,  and  Tegetmeier  upon  hive-bees,  and  of  F.  W.  Putnam,  J. 
Wyman,  and  GerstsBcker  upon  humble-bees,  it  appears  that  there 
is  a  regular  gradation  in  rank,  so  to  speak,  of  bee  o&pring,  accord- 
ing to  the  method  of  their  production.  First  and  lowest  in  the 
hive-bee  series  are  the  males  or  drones.  These  may  be  sometimes 
produced  by  an  unfertilized  working  bee ;  conmionly,  by  a  queen 
bee  from  ova  not  fertilized  with  sperm-cells,  which  cells,  as  obser- 
vation and  experiment  both  have  shown,  may  be  for  a  long  time 
detained  in  the  spermotheca  charged  with  them.  A  queen  whose 
fecundation  has  been  delayed  till  she  is  older  than  usual,  is  apt  to 
yield  only  drone  offspring.  The  next  stage  in  rank  is  that  of  the 
worker,  or  undeveloped  female.  £very  one  knows  the  remark- 
able effect  of  nutrition  upon  its  characters ;  a  change  of  cell  and 
food  elevating  it  to  the  full  endowments  of  a  queen.  Putnam  and 
GerstaBcker*  have  noticed  among  humble-bees  what  are  called 
*'  large  queen  larvsB,"  intermediate  between  the  workers  and  the 
perfect  queens ;  and  Wyman  has  suggested  that  the  earlier  or  later 
period  of  impregnation  may  determine  this  difference ;  those  first 
impregnated  becoming  queens,. then  the  large  queen  larvsa,  next 
the  workers,  last  the  males. 

Now  among  the  Aphides  as  well  as  to  a  certain  extent  in  some 
MoUuscoida,  Ccelenterata,  dbc,  we  find  a  class  of  fact^  different 
from  these  but  yet  allied  to  them.  Taking  Huxley's  summary  of 
the  history  of  aphidian  parthenogenesis,t  it  seems  that  the  num- 
ber of  successive  viviparous  pseudovan  broods  is  **  controlled  by 
temperature  and  the  supply  of  food.  The  agamic  viviparous  in- 
dividuals are  regarded  by  Steenstrup  and  others  as  nansexuaL 
If  sexual,  they  must  be  considered  as  females  undeveloped.  At 
all  events,  the  coming  on  of  cold  weather  begins  the  production 
of  males  as  well  as  females.  Packard's  expression  is  that  *^  the 
asexual  Aphis  and  the  perfect  female  may  be  called  dimorphic 
forms."  Of  the  three  forms,  then,  that  one  whose  production 
especially  attends  the  conditions  of  the  lowest  vitality  is  the 
male. 

But  another  class  of  facts  of  a  quite  different  kind  may  be  con- 
sidered in  this  connection ;  involving  higher  animals  and  even  man 
himself.  I  refer  to  the  history  of  monstrosities.  Double  monsters 
(of  which  some  remarkable  human  instances  have  been  exhibited 

*  Packard's  "  Guide  to  the  Study  of  InsecU,"  p.  119. 
t  LinD»an  Transactiont,  ziuL,  p.  198. 
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within  a  few  years  in  this  country)  are  always  of  one  sex  and 
nearly  ahioaya  of  the  female  aex.*  There  is  reason  to  exclude 
from  this  class  of  true  double  monsters  cases  like  that  of  the 
Siamese  Chang  and  £ng,  who  may  be  regarded  as  really  twins 
with  two  complete  bodies  abnormally  united  together. 

Now,  why  should  a  double  fcetus  nearly  always  have  the  female 
sex  ?  The  bearing  of  this  question  upon  that  which  we  have  just 
been  discussing  appears,  when  we  consider  the  true  theory  of 
double  monsters.  Under  the  close  investigations  of  St.  Hilaire, 
Virchow,  Vrolik,  Fisher,  and  others,!  it  has  been  made  quite 
evident  that  they  result  not  at  all  from  the  fusion  of  two  embryos 
into  one,  but,  on  the  contrary,  from  the  abnormal  ^^'on  of  a  eingle 
ovurn^  under  excess  of  formative  force.  The  point  for  us  now  to 
notice  is  the  nearly  constant  association  of  this  profusion  of  de- 
velopmental force  with  femininity  of  sex. 

Regarding  the  actual  function  of  this  force  (however  we  may 
designate  it,  as,  6.^.,  life  force,  organic  force,  bio-plastic  force,  &c.) 
as  being  the  formation  of  plasma  with  attendant  cell-multiplication 
or  vegetative  repetitiotiy  it  would  appear  that  this  is  precisely  what, 
in  plants  and  animals,  may  be  the  especial  feminine  endowment 
The  two  directions  or  modes  of  manifestation  of  this  organic  force 
are  individual  construction  and  reproduction.  These  may,  there- 
fore, be  in  inverse  proportion  to  each  other,  simply  because  the 
energy  or  material  consumed  in  the  one  process  is  taken  from  the 
other ;  and  yet,  while  a  certain  limitation  of  food  and  temperature 
favors  reproduction,  rather  than  individual  nutrition  and  construc- 
tion, a  greater  lowering  of  these  conditions  of  vitality  will  retard, 
arrest,  or  degrade  both  processes.  According  to  Meehan's  inter- 
pretation of  his  facts  concerning  plants,  one  effect  of  this  lowering! 
retardation,  or  degradation  is  the  production  of  the  male  rather 
than  the  female  sex.  Some  facts,  at  least,  in  the  animal  kingdom, 
as  we  have  seen,  support  the  same  view ;  but  to  give  a  statement 
of  this  kind  the  form  and  validity  of  a  law  would  require  a  much 
more  extensive  survey  of  correlated  facts.  At  aU  events,  we  do 
not  find  the  frequent  superiority  of  the  masculine  sex  in  certain 
particulars  in  the^ higher  animsds  necessarily  incompatible  with 

•  0.  J.  Fuher,  Trans.  Med.  Soc.  of  New  York,  186&-1868.  Against  this  I  find 
only  a  rague  expression  of  W*.  Vrolik  (Cyclop,  of  Anat.  and  Physiol.,  Art. 
Teratology,  p.  946)  that  "  some  sorts "  of  double  monsters  are  more  frequently 
male. 

t  GoodeU,  Philada.  Med.  Times,  June  16, 1871. 
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this ;  since  this  saperiority  prevails  usually  in  apparatus  not  of  the 
functions  of  the  vegetatim  or  organic  life,  but  of  ammal  life  or  of 
relation ;  as  of  itUellecHonj  motor  power,  and  voice.  Beauty  of 
plumage  in  birds,  while  we  naturally  attribute  to  it  a  certain 
superiority,  may  not,  in  the  scientific  sense,  unequivocally  have  this 
character.  If  it  should  be  conceded  that  it  has,  we  must  then 
regard  its  general  predominance  in  males  as  one  of  the  difficul- 
ties in  the  way,  at  present,  of  any  extended  or  final  generaliza- 
tion upon  the  subject. 

Another  possible  application  of  the  same  course  of  reasoning 
is,  in  regard  to  the  law  of  increase  of  human  papulation.  Ex- 
tended observation  has  shown  a  constant  preponderance  of  male 
over  female  births.  In  Europe,  according  to  reliable  authority,* 
the  average  proportion  is,  106  males  to  100  female^s.  But,  this 
difference  of  sex  is  less  by  three  per  cent  in  illegitimate  births; 
that  is,  in  the  latter,  where  vital  energy  may  be  supposed  to  abound 
above  the  average  (sexual  propensity  over-riding  prudence  and 
morals,  and  thus  attesting  its  own  strength)  there  are  three  per 
cent  more  than  the  average  number  of  females  bom-t  More  to 
the  purpose,  perhaps,  may  be  the  fact  that,  of  children  stiU-bom 
there  are,  the  world  over,  about  100  males  to  75  females;  and, 
further,  that  the  mortality  in  male  children  during  the  first  part 
of  life  considerably  exceeds  that  of  females.  Under  one  month 
of  age,  for  example,  in  England,  1000  males  die  for  765  females ; 
in  Belgium,  the  proportion  is  1000  to  749.  J  During  the  first  year 
of  life,  in  Kentucky,  Dr.  Sutton  has  ascertained  §  that  of  every 
100  dying,  57  are  males  and  43  female.  This  excess  of  male  mor- 
tality continues  until  puberty,  and  returns  again  after  the  dangers 
peculiar  to  female  life  are  passed;  so  that  after  sixty  years  the 
probability  of  long  life  is  greater  with  women  than  with  men. 
There  are  more  very  old  women  than  there  are  very  aged  men. 
It  is  at  least  allowable  to  interpret  these  facts  as  being  favorable 
to  the  idea  of  greater  viability,  ».e.,  purely  vital  or  organic  energy, 
belonging  to  the  female  sex. 

Less  directly  connected  with  the  same  view  are  some  other  facts 
concerning  population  which  have  a  practical  fnterest.     Statistics 

*  Wynne,  Vital  Statistics,  p.  76. 

t  The  relative  mortality  of  illegitimate  children  is  determined  by  causes  acting 
at  or  near  the  time  of  birth,  long  after  the  fixation  of  sex. 
}  British  and  Foreign  Medico-Chirurgical  Review,  April,  1867,  p.  848. 
§  Wynne,  Vital  Statistics,  p.  126. 
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of  some  parts  of  the  United  States  have  been,  especially  by  the 
inquiries  of  Dr.  Nathan  Allen,  of  Lowell,*  shown  to  indicate 
diminution  in  the  prolificacy  of  American  women,  as  compared 
with  foreign  immigrants.  Examining,  e.g*^  the  records  of  New 
York  CSty  for  1870,  we  find  that,  while  the  number  of  deaths  of 
natives  is  nearly  double  that  of  foreigners,  the  number  of  births 
of  children  both  of  whose  parents  2lvq  foreign  is  almost /owr  to  one 
of  those  whose  parents  are  both  native.  For  so  great  a  diflference 
there  must  be  a  cause.  Dr.  Allen  ascribes  it  to  a  deviation  from 
the  normal  harmony  of  development  of  all  the  organs  and  func- 
tions, owing  to  unsanitory  modes  of  living  amongst  women,  as 
well  as  men,  in  this  country.  That  the  general  physiological 
balance  which  constitutes  standard  health  is  on  the  whole  most 
favorable  to  continued  and  vigorous  reproduction,  is  probable; 
yet  the  special  kind  of  disturbance  of  balance  which  tends  to 
interfere  with  productiveness,  needs  to  be  pointed  out.  Is  it  not 
probable,  in  view  of  the  facts  alluded  to  in  this  paper,  that  it  in- 
volves an  excessive  increase  of  activity  in  those  functions  farthest 
removed  from  the-  nutritive,  —  which  are  most  of  all  animal  as 
contrasted  with  the  vegetative,  are  indeed  at  the  opposite  pole 
as  it  were,  from  the  latter.  These  are  the  functions  of  the  brain 
and  nervous  system.  Precocity,  in  the  intellectual  and  emotional 
nature,  is  common  in  both  sexes  in  this  country;  over-intensity, 
activity,  and  excitement  of  mind,  in  business,  dissipation,  and 
even  in  religion,  are  characteristically  American.  Thus  it  would 
seem  that  the  vital  organic  energy  is  impaired ;  and  one  impor- 
tant manifestation  of  this  may  be  the  lessened  and  lessening  pro- 
ductiveness of  American  women.  It  cannot  yet  be  said,  however, 
that  the  facts  upon  this  subject  are  so  definite  as  to  allow  us  to 
deduce  an  unquestionable  conclusion. 

*  TransacUons  of  American  Medical  Association,  1870,  p.  881. 
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2.  Mortality  of  Fish  in  Racinb  Riyeb.     By  P,  H.  Hot,  of 
Racine,  Wisconsin. 

DtJBiNG  the  summer  and  autumn  of  1871,  the  minnows,  ASner- 
nu8  rubelluSy  Agassiz,  became  so  numerous  that,  in  cahn  weather, 
at  which  time  these  little  fish  swim  near  the  surface,  they  could 
be  seen  in  such  immense  shoals  that  they  produced  a  spattering 
in  the  water  closely  resembling  a  shower  of  rain  falling.  As  the 
dense  mass  moved  along,  if  opposed  by  a  stick,  or  other  slight 
obstacle,  the  fish  nearest  the  surface  would  leap  over  the  object, 
it  being  almost  impossible  for  them  to  go  under  in  consequence 
of  the  solid  mass  of  fish  moving  beneath. 

Other  fish,  bass,  pickerel,  suckers,  catfish,  dbc.,  were  also  numerous; 
most  of  these  larger  fish  subsisted,  almost  entirely,  on  the  little 
delicate  and  tender  minnows. 

On  the  first  of  December,  the  river,  being  unusually  low,  froze 
over ;  the  ice  thus  early  formed  became  twelve  inches  in  thickness 
by  Christmas.  A  slight  rise  in  the  river  occurring  about  this  time 
filled  every  crevice  underneath  the  ice,  and  this  water  fireezing  closed 
up  all  air  chambers.  Immediately  it  was  observed  that  the  fish 
crowded  to  any  opening  made  in  the  ice.  So  eagerly  did  the  min- 
nows crowd,  in  great  distress  apparently  for  want 'of  oxygen,  that 
they  literally  shoved  numbers  out  of  the  water  upon  the  surrounding 
ice.  Death  soon  followed.  The  great  number  that  thus  perished 
rendered  the  water  of  the  river  horribly  oflfensive. 

By  the  middle  of  January  all  other,  fish,  bass,  perch,  Ac,  below 
the  rapids  also  died;  caused,  probably,  by  the  poison  communi- 
cated to  the  water  by  the  multitude  of  decaying  minnows.  A  fact 
going  to  prove  this  position  is,  that  there  are  none  of  this  species 
ofAlbumus  found  above  the  rapids,  the  river  being  at  this  point 
obstructed  by  a  series  of  dams ;  and  here,  too,  where  the  niinnau>s 
do  not  occur,  other  species  of  fish  continued  in  good  health,  there 
being  no  unusual  mortality. 

From  the  middle  of  January  the  water  in  the  river,  below  the 
rapids,  became  so  horridly  stinking  that  those  manufactories  situated 
along  the  river  were  compelled  to  use  agents,  —  tar,  carbolic  acid, 
chlorides,  &c.,  —  either  to  decompose  or  cover  up  the  stench  caused 
by  generating  steam  from  this  liquid  mass  of  putrefaction. 
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When  the  ice  broke  up  in  the  spring,  thousands  of  barrels  of 
fish  were  swept  out  into  the  lake,  and  great  masses  heaped  up  on 
the  beach,  near  the  mouth  of  the  harbor,  by  the  waves. 

I  examined  many  specimens  of  these  dead  fish,  but  could  detect 
no  evidence  of  disease.  They  appeared  in  good  condition ;  the 
minnows  were  especially  fat. 

Perhaps  the  most  interesting  fact  in  connection  with  this  fish 
mortality  is,  that  many  minnows  sunk,  and  there  became  covered 
with  the  soft  river  mud,  where,  in  the  short  space  of  six  months, 
they  became  semipetrified.  The  change  closely  resembled,  if  it  was 
not,  adipocerifie.  These  fish,  however,  became  lighter  than  water, 
so  that  they  rose  and  floated  off*;  while  the  flesh  of  mammals  in- 
creases in  weight  by  being  converted  into  adipocerine.  May  it 
not  be  that  Jish  undergoing  the  change  difier  essentially  from 
mammals  ?  * 


3.  Thb  Old  Haablbm  and  the  Latest  Bbubsels  Microscop- 
ical Pbize-Quebtions.  By  Theodore  C.  Hilgard,  of  St. 
Louis,  Missouri. 

The  microscopic  facts  recorded  in  the  opening  of  this  paper 
form  part  of  a  communication  read  before  the  New  Orleans  Acad- 
emy' of  Science,  and  partially  published  in  the  scientific  column 
of  "The  New  Orieans  Picayune,"  February  11, 1872. 

The  second  part,  concerning  prize-questions,  has  a  direct  bear- 
ing upon  subjects  and  results  as  yet  unknown  in  Europe,  but 
exhaustively  experimented  upon  and  published  in  the  scientific 
press  of  America.  Of  three  original  constituent  papers  (discussed 
at  the  Chicago  Meeting  in  1868)  of  my  tripartite  Essay  on  "Micro- 
scopic Circuits  of  Generation,  Infusorial,  Zymotic,  and  Bryogen- 
etic,"  the  first  part  was  published  in  the  "  American  Journal  of 
Arts  and  Sciences,"  and  reprinted  in  the  "  Journal  of  the  London 

*  Specimens  were  exhibited,  and  distributed  to  eminent  chemists  for 
analysis. 
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Microscopical  Society."  The  two  others  were  published  in  the 
"  Proceedings  of  the  American  Association  for  the  Advancement 
of  Science,"  1870  and  1871. 

The  first  appearance  of  organisms  in  any  fermenting  liquid  is 
that  of  the  naked  saltatory  molecules,  called  (or  at  least  subsumed 
as)  Monads  (pseudo-genus)  by  Ehrenberg,  and  vibriosy  or  mbrionie 
molecules  by  myself. 

They  compose  the  yeast-diastase  of  Liebig,  and  their  chemical 
constitution  is  that  oi flesh. 

Any  small  particle  of  fungous  dust,  a  fragment  of  a  fungous 
fibril,  especially  of  the  common  lacteal,  bread  and  apple-mould 
(which  likewise  is  the  ferment  of  all  putrid  corruption),  will  bodily 
dissolve  into  a  vibrionic^  molecular  gelatine^  of  blackish  color,  when 
alighted  in  or  on  fermentible  materiaL  No  fungus  has  a  cellulose 
or  papery  fibre,  coat,  or  cell.  Searching  for  "  cellulose"  in  a  mass 
of  yeast-cells  argues  a  thorough  misunderstanding. '  The  adult 
fermentic  fungus,  moulding  and  corrupting  our  bread  and  fiesh, 
consists  of  cells,  but  not  of ''  cellulose,"  and  so  does  the  fermentiTe 
^  yeast-cell "  likewise.  It  is  a  grave  and  fatal  mistake  to  ascribe 
fermentation  of  starch  into  sugar,  and  of  sugar  into  either  alcohol 
or  lactic  acid,  dbc,  to  the  {coaled)  yeoatrceUs,  Whenever  sugar, 
dbc,  has  to  be  converted,  the  yeast-cell  at  once  dissolves  its  coat 
into  a  nutritious  gelatine,  prolapsing  its  vibrionic  (commutative 
or  trvilj  fermerUive)  molecules,  as  will  appear  on  making  the  check 
or  test  experiment. 

The  primitive  yeast,  likewise,  consists  of  a  nebula  of  growing^ 
vibratile  molecules. 

Liebig  denied  the  yeast  to  be  present  in  putrid  cadaverous  cor- 
ruption, because  his  microscopist  saw  no  cellsj  and  he  himself  saw 
no  cellulose  membranes,  which,  by  the  way,  the  yeast  itself  never 
possesses.  The  well-known  extracellular,  as  well  as  intracellular 
vibrionic  particles,  or  diastase,  Pasteur's  school  claimed  for  ani- 
mals, —  "  snakes,  snapping  up  vibrios."  What  species  of  serpents 
those  were,  truly  '^  more  subtle  than  any  annual  made  "  (adult  ani- 
mal), is  left  in  the  dark.  The  vibratile  tail,  or  scourge  of  all  prim- 
itive life-molecules,  might  indeed  be  cMmed  as  the  very  '^  finest  of 
all  serpents  "  yet ;  flner  than  any  true  animal  whatever.  As  it  is, 
it  fonns  an  active  instrument  of  flagellation  upon  convertible, 
digestible,  or  fermentible  liquids. 


Digitized  by  VjOOQIC 


ZOOLOGY  AXD  BOTAKT.  201 

Without  these  spermaid  serpentine  partideSj  no  living  tissue  oan 
be  formed. 

A  single  vibrio  will  sometimes  directly  enlarge  and  assume  a 
cell  coat  as  an  individual  yeast-cell ;  but,  in  most  oases,  during  the 
process  of  actual  cadaverous  corruption,  no  less  than  during  the 
true  fermentic  process  of  converting  sugar,  <fec^  into  alcohol,  or 
lactic  acid  (accompanied  by  the  evolution  of  carbonic  acid),  no  cell 
tohcUever  need  be  formed.  I  have  repeatedly  fermented  grape  juice, 
and  simple  com  meal  with  water,  not  allowing,  however,  of  any 
drying  tip  at  the  borders  of  the  vials.  In  all  these  cases  the  lactic 
as  well  as  alcoholic,  and  the  fear^ly  miasmatic,  putrid  fermen- 
tation, as  of  flesh  or  moss  spawns  (which  is  likewise  a  gangrenr 
<ms  one),  no  less  than  the  offensive  butyric  acid,  &C.,  corruption 
(as  of  mashes,  swill,  distilleries,  levees,  and  the  cane  re^e),  all 
were  enacted  without  the  presence  or  formation  of  the  ultimate 
cells  of  the  yeast,  that  only  hoard  up  the  fungous  material  on  ha7idj 
and  redissolve  in  fermentible  liquids. 

The  process  of  the  vibrionic  concatenation  (or,  inoscuUUion  in 
single  JUe^  of  the  primitive  fermentic  molecules)  has  been  partly 
observed  by  Pasteur,  as  well  as  Hallier.  Ehrenberg  described  this 
(corruptive)  yeast  molecule  not  inaptly  as  "monas  crepusculum," — 
a  ^'hazy,  nebulous  monad,"  a  carnivorous  (I)  animal,  inhabiting,  as  he 
gives  it,  chiefly  '^  St.  Petersburg,  Berlin,  and  other  European  capitals." 

The  naked  "monads"  or  vibrios  which  lengthwise  joined  in 
single-file  —  a  process  unknown  to  him  —  he  describes  as  "ophido- 
monas  "  (or  snake-monad),  as  it  is  found  violently  revolving,  like 
an  archimedean  screw.  These  are  Pasteur^s  serpents;  snapping 
up  vibrios.  They  inosculate  by  pairs  after  much  spinning  or 
churning^  so  to  speak,  and  then  join  other  longer  or  shorter  files, 
or  parts  of  weltering  coils,  adding  to  their  length.  This  well- 
known  process  has  once  more  been  misconstrued,  by  Cohn,  into  a 
**  transverse  division." 

So  soon  as  a  few  vibrios  or  primitive  flagellate  molecules  be- 
come united,  the  vibratory  halo  which  surrounds  each  one  singly 
at  once  disappears,  except  at  the  ends,  which  are  actively  twirling 
the  little  frustule,  curve,  or  coil  around,  and  are  seen  delving 
against  any  slimy  material  they  may  meet  in  their  way.  It  is 
thus  that  they  become  entangled,  involved,  or  enveloped  in  any 
gelatine,  or  in  spoiled  meat  (immersed  through  a  bung-hole),  and 
in  which  they  stick  fast  and  are  easily  got  rid  of  by  extracting 
them  with  the  meat. 
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After  a  little  while,  when  apt  to  encyst,  they  ^  beeome  fdll,* 
e,g^  adhering  to  the  glass  slips  between  which  they  were  bred,  by 
way  of  experiment.  They  then  are  seen  to  become  a  little  dilated, 
or,  as  it  were,  dropsical^  exude  a  delicate  ceU-membraney  and  nam 
represent  a  little  fibre.  In  fermentible  liquids,  the  worm-like,  drop- 
sical fibrils  rapidly  segment  and  ramify  off  into  beads ;  thus  caruU- 
tuting  the  yeaet-^ydls.  The  latter  again  multiply  and  elongate  into 
moulds,  fibrils,  and  floritions.  In  stagnating  or  impure  flowing 
water,  these  slim  fibres,  of  about  1-40,000  of  a  line  in  thickness, 
collect  into  the  prancing,  fluctuating,  dirty  tassels  observed  in  the 
street  gutters  of  cities,  dbc,  and,  although  themselTes  inodorous, 
they  exhale  the  rank  gangrenous,  or  the  infectious  butyric,  miasmas 
which  at  once  seem  to  aflect  the  fermentible  contents  of  the  blood 
and  liver  more  especially. 

With  respect  to  the  latter  action  upon  our  system  (easily  realized 
by  breeding  those  effluvia  in  a  little  corked  bottle),  we  need  no- 
wise assume  a  specific  parasite ;  but  merely  an  altered  action  of 
our  own^  ^ specific^  organization/  As  for  the  propagative  action 
of  certain  effluvia,  we  have  a  similar  function  in  the  action  of  fire, 
kindling  organic  enibatancee.  In  organic  bodies,  an  action  once 
started  will  oftentimes  be  apt  to  run  like  a  wild-fire  until  it  ceases 
to  find  nourishment.  But  there  are  other  "  kindling  "  substances 
than  fire  —  *.«.,  heat  and  oxygen  —  alone.  Nitro-glycerine,  an 
oi^anic  compound,  will  explode  at  the  touch  of  resinous  substances. 
The  communication  of  the  action  is  all  that  is  required.  Our 
whole  system  itself  being  a  regenerative  as  well  as  self^eoom- 
posing  or  excretory  one,  its  "regenerative  action"  might  be 
directed  perversely ;  or  the  equivalents,  hoarded  up,  be  fired  by 
a  "  specific  fire." 

Fire,  indeed  has  ever  been  a  symbol  of  contagion.  "  JSindling^ 
conveys  to  the  present  day  the  idea  of  contagion  in  the  German 
language.  Inorganic  bodies  are  ultimately,  in  their  last  partides, 
uniform,  or  compact^  so  to  speak.  Their  uniform  reaction  upon 
physical  agents  constitutes  the  ^chemical  property."  Uniform 
reaction,  uniform  being,  is  called  dynamostatic  condition,  properly 
so  as  compared  with  the  aeriform,  or  pneumostatiCt  reaction  of 
matter;  the  liquid  or  hydrostatic  and  the  static  action  of  inertia, 
as  in  solids,  to  persist  in  the  sense  of  the  force  communicated  (in 
a  straight  line).  Static  persistence  is  the  character  of  inert  matter, 
persisting  as  such  into  unlimited  time  aqd  space  ("«to^"  terra  in 
CBternum).    Inorganic  matter  will  only  bum,  if  suficient  heat,  or 
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other  work  done  or  bestowed,  e,g^  by  pnlverizing  or  refining  it 
into  separate  particles,  be  superadded.  Thus  sulphur,  6.^.,  will  not 
bum,  except  by  adding  all  the  equivalent  heat,  or  so  much  work 
of  pulverization  (as  in  the  manufacture  of  sulphuric  acid  the  sul- 
phur is  burned  by  setting  a  pulverized  portion  on  fire).  Sulphur 
will  bum  copper  in  a  ruby-red  flame,  when  rasped  down  and 
heated;  but  neither  they  nor  phosphorus,  either,  wiU,  in  a  low 
temperature,  kindle.  This  ^kindling,"  or  spontaneous  continu- 
ation  of  the  process  of  oxidizing  carbon^  in  bumingj  is  exclusively 
the  property  of  organic  matter  ;  and  it  is,  moreover,  the  fmda- 
mental  common  feature  of  all  plants^  as  well  as  animals^  to  render 
up  carbonic  acid  gas. 

The  specific  heat  of  all  animal  bodies  is  due,  as  is  well  known, 
to  their  process  of  respiration,  whether  by  lungs,  gills,  or  insects' 
trachea.  All  absorb  oxygen  and  render  up  carbonic  acid  gas  ]>y  a 
peculiar  process  of  a  low  combustion :  due  to  the  slow,  propagative 
firing  of  carbon  stored  in  their  tissues.  (It  is  hence  predicable,  in 
the  strictest,  literal  sense  of  the  word,  that  their  breath  slowly 
ignites,  or  "  kindles  charcoal.^) 

It  was  solely  on  the  basis  of  an  absolute  and  quite  an  unpardon«- 
able  sin  of  omission,  viz.,  neglect  of  the  normal  or  of  the  check 
experiment^  that  of  late  half  a  hundred  of  pretended  ^  specific  ^ 
fungi  have  been  claimed  as  ''  parasites,  producing  so  many  specific 
diseases."  Let  it  at  once  be  stated  as  a  historic  fact  that  the 
normal  process  of  fungous  decay  (or  corruption)  of  stools  and 
ofifals,  as  of  flesh  and  blood,  had  hitherto  never  been  studied.  In 
adopting,  publishing,  and  still  worse,  enforcing  by  legal  enact- 
ments the  recognition  of  certain  supposed  characteristic  or  '^  spe- 
cific" fungi,  no  one  ever  asked  or  dared  inquire  what  is  the 
inevitable  normal  corruption  of  the  flesh.  This  condemns  the 
whole  system  at  once,  and  even  the  late  dementi  given  to  such 
foregone  assumptions,  e.^.,^about  a  so-oaUed  '^  cholera  fungus," 
which  is  normally  evolved  upon  all  healthy  discharges  no  less 
than  on  diseased  or  morbid  ones,  actually  came  too  late.  That 
check  ought  to  have  been  required  before  sending  a  committee  to 
hunt  for  it  to  the  jungles  of  India,  who  found  no  distinctive  fungus 
at  all.  But  that  that  fungus  is  only  the  common  fermentive  yeast 
or  mould  of  our  larder^  no  one  could  say  but  who  had  examined 
it  in  its  continuous  development,  by  growing  it  reversely  and 
conversely,  under  the  microscope.  To  call  these  semi-liquid, 
naked,  sarcode  bead-strings  a  ^  saccharomyces,"  after  so  many 
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names  (from  Ehrenberg  forward)  bad  been  given,  appears  as  a 
mere  redundancy  of  diction,  if  not  as  a  want  of  deference  due 
to  eminent  priorities;  particularly  if  once  more  a  new  specific 
name  is  given,  as  a  so-called  species  and  genus,  tbat,  bowever,  had 
never  yet  been  traced^  and  tbus  far  required  to  be  demonstrated, 
as  all  assertions  of  peculiar  features,  claimed,  require  to  be  brougbt 
to  tbis  "  crucial "  test  of  contradistinctive  esEperimentcU  comparison^ 
before  tbey  can  claim  deserving  any  publicity  whatsoever.  Tbe 
fundamental  rule,  to  first  establish  the  normal  feature  before  a 
"  distinctive  "  character  can  be  allowed,  is  constantly  neglected. 

This,  however,  is  by  no  means  intended  as  derogatory  of  well- 
authenticated  scientific  experience  concerning  parasitic  diseases — 
of  whatever  nature  —  both  on  plants  and  animals. 

As  for  modem  researches  concerning  putrefaction,  we  must  be 
careful  on  what  evidence  the  statements  are  based.  I  extract  the 
following  statement  of  Cohn  —  a  much-quoted  observer  —  on  the 
Characters  of  Bacteria,  as  represented  in  the  "Scientific  Record" 
of  one  of  our  leading  monthlies  for  August,  1872.  He  states:  — 
1.  "Bacteria  are  cells."  Such,  indeed,  has  always  been  the  dis- 
tinctive feature  ofbacteridj  against  naked  molecules^  to  be  possessed 
of  a  cell-coat.  3.  "  Bacteria-cells  multiply  by  transverse  division." 
This  holds  good,  e.g.,  of  the  terminal  (true)  bacteria  of  the  matted 
(mother-of-vinegar)  vibrio-files,  that  form  the  white  scums,  or  vappa; 
and  also  for  some  of  the  multifarious,  retrograde  bacterial  develop- 
ments Jirom  submerged  peniciUium  and  oidium-joints  of  the  Yeas^ 
JFhmgus^  as  depicted  in  Fig.  11  of  Plate,  and  p.  298  in  "  Proceed- 
ings," 1870 ;  phenomena  most  easily  realized  by  breeding  or  exam^ 
ining  the  respective  phases,  under  the  microscope.  6.  "  The  bacteria 
are  the  only  organisms  which  produce  putrefaction."  This  involves 
one  of  the  gravest  errors  'of  diagnoses.  The  single  or  concaten- 
ated "monads"  or  vibrios  enacting  (or,  at  least,  mostly  exclusively 
present  at)  the  work  of  putrefaction  are  essentially  naked ;  but 
surrounded  by  a  whirring  halo.  The  apparent  optic  rim  ( —  not 
a  ceU-^oat !  —  )  disappears^  except  at  the  terminal  ones,  so  soon 
as  they  are  duly  adapted  into  file  by  concatenation  {not,  by 
division),    Coatless  molecules  are  not  classed  as  "bacteria." 

7.  "They  heap  up  into  palmella-like  masses  (zodgloea)."  This 
involves  no  less  than  four  diagnostic  quid-pro-^juos. 

(a)  It  is  the  vibrionic  chains,  which  curdle  up,  e.g.,  into  the 
glutinous  mother-of-vinegar.  {b)  Sis  zodgloea  is  the  same  as 
Kob's,  viz.,  an  endogenetic  discharge  from  oidium-joints,  —  Pig. 
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11,  «  Zymotic  Fungi."  (c)  The  original  true  «  Zodgloea^  Dujard. 
are  the  trabecular  embryonic  pellets  of  the  oxytricba-phase  of 
VorticeUo-Planarian  grubs  (see  **  American  Journal  of  Arts  and 
Sciences,"  vol.  ii.,  August,  1871 ;  and  "  Zymotic  Fungus,"  p.  298). 
(e)  Furthermore,  Palmellaceae,  so-called,  are  a  form  of  moss-spawns 
or  ChlorospermesB  Harv. ;  of  a  chlorophyUine  nature  and  of  green 
color.    Besides  all  this,  — 

^  He  thinks  he  has  abundant  evidence  to  prove  that  bcKteria  and 
penxciUium  are  independent  of  each  other,  and  that  the  former 
cannot  [eic]  be  produced  from  the  latter." 

The  various  modes  which  Nature  evidences  in  her  operations  can  be 
inferred  from  Plate  of  «  Zymotic  Fungus,"  Fig.  11,  and  text,  p.  298. 

From  the  "Scientific  Record"  of  the  same  widely  circulated 
monthly  ("Harper's")  we  copy  the  following  paragraph,  in  as 
evident  and  direct  connection  with  Mr.  Cohn's  difficulties  or 
failures,  as  was  the  old  prize-question  of  the  Holland  Society, 
Amsterdam  (see  end),  concerning  Euetzing's  more  instructive 
work  on  chlorospermous  spawns:  — 

"  As  a  Dfemorial  of  its  deceased  member,  Mr.  Antoine  Joseph  Spring, 
an  eminent  Belgian  botanist,  who  died  at  Liege  on  the  17th  of  January,  at 
the  age  of  fifty-seven,  the  Academy  of  Sciences  of  Belgium  has  added  the 
following  to  the  prize-questions  of  1874 :  The  polymorphism  of  the  mash- 
rooms  is  attracting  more  and  more  the  attention  of  botanists  and  physiol- 
ogists, and  seems  suited  to  fiimish  new  elements  for  the  solation  of  the 
problem  of  life  in  generaL  First,  a  succinct  and  critical  summary  of  the 
known  observations  of  the  polymorphism  of  the  Mucedinn  is  demanded ; 
second,  an  exact  determination,  even  if  based  upon  a  single  species,  of 
what  relates,  first,  to  the  proper  nature  of  the  plant  (its  specific  energy), 
and  second,  to  the  exterior  (the  conditions  of  its  development)  ;  third,  the 
positive  proof  or  disproval  of  the  fact  that  the  fungi  of  ferments,  such  as 
micrococcus,  palmella,  mycodermi,  &c.,  under  any  circumstances,  can  be 
transformed  into  the  higher  fungi." 

Ad  3.  (a)  Palmella  is  a  chlorospermous  (pseudo-) genus  /  and 
as  such  it  could  never  have  truly  entered  into  competition,  (b)  If 
a  ^  mycoderm  can  be  transformed  into  the  higher  fungi,^  then  that 
mycoderm  belonged  to  —  and  was  itself — the  fungus  in  ques- 
tion, not  a  "  higher  ^  one  any  more  than  the  hen  is  a  "  higher " 
^iWthan  the  egg!  The  Jucky  (Edipus  would  here  be  caught  by 
this  Sphinx  in  a  glaring  coniradictio  in  acfjecto^  and  eo  ipso  lose 
his  claim  on  his  laurels  I 

Ad  2.  No  plant  can  exist  without  external  conditions.     The 
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''specific  energy"  is  utterly  inseparable  from  "conditions  of  devel- 
opment,*' and  therefore  cannot  be  separately  treated. 

Ad  1.  For  sufficient  proof  in  point  of  observed  developments  and 
organology  (rather  than  the  merely  diagnostic  ^polymorphism"),  it 
is  needless  to  refer  our  readers  to  my  previous  communications  on  the 
very  Yeast-Fungus  (or  Mucedineae  series  itself).  A  self-eiutaining 
^ries  of  observations  is  always  more  reliable  than  any  series  of 
failures^  —  of  diagnostic  slips  and  "  negative  "  evidence  I 

A  most  instructive  case  of  similar  nature  is  involved  in  the 
following,  originally  forming  an  appendix  to  my  last  yearns  publi- 
cation on  ^  The  EVesh  Water  Algae  as  the  Spawns  of  Mosses." 
As  a  just  tribute  to  authors  who  can  claim  certain  priorities,  I  now 
offer  it  for  the  consideration  of  the  rational  microscopic  investi- 
gator. 

Valuable  observations,  indeed,  had  partially  been  made,  and 
certain  important  results  no  doubt  been  arrived  at,  e.^.,  by  Pro- 
fessor 6.  Kuetzing;  and  Professor  W.  P.  Schimper's  excellent 
monograph  on  Moss-Developments  ('iB^cherches  sur  les  Mousses," 
Strasbourg,  1848)  has  been  mentioned  before.  A  great  many  of 
the  developments,  above  described,  had  been  independently  dis- 
covered by  Kuetzing  ;  but  his  prize  essay  fell  almost  still-bom  from 
the  press,  partly  on  account  of  an  entangling  alliance  between  syh- 
jective^Jictitiovs  identities,  of  merely  diagnostic  framing  (such  as, 
e.g^  of  pseudoJ*'  genus  Protococcus  ")  on  the  one,  and  Natures 
identities  (of  objective  merit)  on  the  other  hand ;  partly,  however, 
on  account  of  the  barbarous  Greek  terminology  —  of  the  Compo- 
site style  —  which  even  at  the  present  age  more  than  ally  thing 
else  obstructs  the  way  to  a  clear  understanding  of  what  is  to  be 
gained  by  it. 

A  very  fair  idea  of  the  multifarious  collateral  developments, 
incident  to  certain  spawns  of  Lichens  and  of  Mosses,  can  indeed 
be  gleaned,  even  from  a  single  plate,  e.g^  Table  Qy  of  his  crowned 
prize-essay:  "Die  Umwandlung  niederer  Algenformen,"  &c.  (in 

Natuurkundige  Verhandelingen,"  Ac,  Haarlem,  1841).  The- 
works  of  Kuetzing,  Schimper,  and  Harvey,  having  remiuned  inac- 
cessible to  me  before  I  had  myself  finished  my  researches  on  such 
subjects,  the  amount  of  corroborative  evidence  herein  conveyed 
forms  so  many  self-sustaining,  independent  equations^  mathemati- 
cally speaking. 

A  most  interesting  error  of  question  (by  foregone  diagnostic 


a 


Digitized  by  VjOOQIC 


ZOOLOGY  JlSJ>  botmny,  207 

assertion)  will  be  readily  detected  in  the  wording  of  the  original 
prize-question  itself  as  couched  by  the  Holland  Society,  Amster- 
dam.    To  wit :  — 

••According  to  aome  botanists,  algsB  [P]  of  a  very  simple  structure  are 
ayerred  to  derelop,  under  favorable  circumstances,  into  y^ry  different 
plants  [!]  which  belong  to  genera  much  higher  elevated  in  the  scale  of 
organic  beings  [ !  ]  ;  whereas  the  same  algsd  in  default  of  such  favor- 
able conditions  were  fertilized*  and  reproduced  in  their  original  form. 
The  Society  considers,  that  if  these  observations  could  be  rendered  unim- 
peachable, and  if  the  transition  of  two  organic  bodies  [sic]  into  one  another 
could  be  proven  to  a  certainty,  an  immense  progress  would  have  been 
achieved  in  the  study  of  such  bodies,^^  &c. 

Did  the  Society  actually  mean  to  ignore  the  conversion  of  the 
organic  body  of  the  egg  into  that  of  the  hen? —  of  the  calf  into 
the  heifer  and  cow  —  nay,  of  the  body  of  the  ham  into  that 
of  Prince  Hamlet  (if  need  should  be),  e})en  by  way  of  asainv- 
nation  ?  Does  not  the  bulb  reproduce  the  ori^nal  form  as  well 
as  the  seed  ?  Could  the  adult  be  called  a  ^  higher  genus  ^  ?  Was 
not  the  value  of  such  "  genus,"  "  scale,"  or  "  body,"  an  implicit 
error  of  question  in  each  single  case  ? 

Starting  from  a  foregone  conclusion,  by  assuming  the  essential 
identity  of  any  green  cell  lying  loose  (as  a  postulated  "genus 
Protococcus "),  Kuetzing  unfortunately  infers  the  genetic  unity 
of  all  the  rest,  because  he  was  unable  in  each  case  to  account 
for  its  distinctive  origin  (or  "  nature,"  proper).  But  things  are  not 
to  be  held  identical,  simply  because  our  means  of  discrimination 
&il  us  as  in  all  very  small  or  very  distant  objects. 

He  therefore  "  very  simply  "  claims  a  generation  toithout  a  gen- 
eration—  euphemistically  called  "  originarian  I " — for  his  ideal 
punctiform  Protococcus,  the  advent  of  which  he  could  not  trace 
**  because  no  seed  could  be  smaU  enough  to  produce  such  forms ; " — 
a  foregone  tenet,  based  on  habitual  ideas  of  seed  and  semen. 

Without  detracting  from  the  merit  of  the  objective  observations 
(faulty  though  the  subjective  logic  was),  we  here  literally  tran- 
scribe from  p.  29,  §  33  of  his  crowned  Essay,  a  summary  of  results 
gained :  — 

"  §  33.  So  far  as  color,  size,  and  external  cell-substance  are  concerned, 
the  synaptic  phase  passes  through  the  same  tertiary  grades  as  the  endogon- 

*  The  trtle  distinctive  feature,  involved,  was  the  seemingly  {i,e.,  precon- 
ceived) *'  sexual"  or  "&i-''£exual  transfusion  o/amtenU :  a  process  of  tissue-genesis. 
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imio  and  gonimic  secondary  grades.  Here,  too,  we  therefore  dutingiuah 
the  microsTnaptic  and  macrosynaptic,  the  achromatio-synaptic  and  diro- 
matic-synapticythe  myxodennatinic-,  padiydermatinio-,  and  leptodeimatinio- 
flynaptic.*^ 

We  recommend  this  as  a  study,  and  our  classifying  co-tempo- 
raries mayproJU  by  his  example  / 


4.  A  Critical  Review  of  the  Present  System  op  Osteology. 
With  Particular  Reference  to  Professor  T.  BL  Hux- 
ley's Latest  Views.  By  Theodore  C.  Hilgard,  of  St- 
Louis,  Missouri. 

In  bis  lately  published  "Manual  of  the  Anatomy  of  Vertebrated 
Animals,"  Professor  T.  H.  Huxley  complains  of  the  inefficiency  of 
the  present  system  of  accepted  "  homologies  "  respecting  the  ex- 
tremities in  different  classes,  &c. 

On  page  37  he  states :  — 

The  pelvis  possesses  no  osseous  element  corresponding  with  the  daride ; 
but  a  strong  ligament,  the  so-called  Foupart^s  ligament,  stretdies  from  the 
ileum  to  the  pubis  in  many  Yertebrata  and  takes  its  place. 

This  might  be  claimed  as  the  climax  of  a  failure  to  adapt  the 
present  conventional  system  to  the  minutisB  of  detaiL 

All  comparative  osteologists  present  at  the  last  Meeting,  at 
Indianapolis,  even  those  from  across  the  ocean,  have  competed  in 
denouncing  the  present  system  of  so-called  homologies,  as  leading 
to  impossible  or  incompatible  consequences. 

That  actual  homologies  exist  to  an  hitherto  unknown  degree, 
i^  legitimcUelyy  i.e.j  cansistenUy^  traced  by  immediate  connections 
of  transitional  forms  /  that  in  the  entire  Vertebrate  System  aU 
bones  can  be  coOrdihatdy  and  respectively  located^  by  incontro- 
vertible, connected  evidence,  I  have  already  demonstrated  in  my 
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last  yearns  paper  ^  On  the  Numeric  Relations  of  the  Vertebrate 
System.*** 

Wherever  we  have  a  miiform  law  of  type,  there  we  are  apt  to 
confound  homologies  —  or  identical  organs  —  with  analogies  or 
partial  identity  of  features  only. 

It  is  only  by  a  method  of  strictly  continuous  discriminative 
comparison  that  we  can  distinguish  between  total  identities  or 
homologies  and  the  various  special  features  only  partially  held  in 
common. 

The  chief  deficiencies  of  the  present  system,  as  embodied  in  its 
technical  languagcy  can  be  briefly  specified  as  follows :  — 

1.  Neglect  of  Mnbryological  Considerations:  with  respect  to 
(a)  sternal  organization,  {b)  occipital  development,  (c)  embryo- 
logical  composition  of  neural  as  well  as  haemal  rih^rches^  of  the 
cranium  in  particular;  also  with  regard  to  (J)  t3rpical  correlation 
of  extremital fabrics  inter  se^  (e)  of  ribs  inter  sCy  (f)  of  ^t2^arches 
as^hsmal**  arches;  distinct  from  (^)  ^^ visceral^  sarches  or  facial, 
camiferous  lobes  of  embryology. 

2.  Failing  to  proceed  from  indubitable  connections,  coexisting 
parts  have  not  been  accounted  for  completely,  distinctively,  and 
comparatively.     Analogous  parts  have  been  misinterpreted  for 

•  The  proof-sheeta  of  that  paper  not  haying  reached  me  in  time,  it  has  hap- 
pened that,  apart  from  other  inconaiderable  errata,  the  following*  Mem  to  require 
emendation :  — 
Page  808,  last  line,  read,  arch-beams  (for  "  arches  "). 
„    809,  first  line»  read,  that  being  cemented,  &c. 

§  8,,line  8,  obsenred,  among  ftingi^  &c.  §  6,  line  8,  pollinaiy  gland(&c.) . 
„    811,  §  2,  line  2,  not  the  "hsBmal,"  &c.    Line  6,  fauces — the  tymp.,  &c. 
Line  6,  lachrymal  ones  {choana),  [not  cloacal\.    §  8,  line  2,  hiatus 
of  the  neur.,  &c.    §  4,  line  1,  tntracted,  or  incurrent,  &c. 
„    812,  line  4,  appressed  [not  oppressed].    §  2,  line  4,  In  the  cat-fish,  they 
[not :  cat,  first  it]  resemble  the  canq;>ace  of  a  turtle.    Line  9, 
joining  the  neural  spine,  as  in  the  turtle. 
„    818,  line  2,  In  birds,  the  strong,  pillar-shaped  ftrop  of  the  ehoulder-blade  ie 
the  true  davide.    Line  8,  (ribs).    The  third  element,  or  trans- 
versals {coracoids)  are  conspicuous,  morable,  transrerse  spars, 
like  jib-booms.    The  fourth,  &c.    §  4,  line  4  from  below,  "falx 
tympani"  &c. 
„    814,  §  4,  Their  type,  &c.    Line  4,  pterygoidea,  &c.    §  6,  line  7,  and  front- 
ing, &c.    S  7,  line  6,  "  antrum  "  and  "  tuberositas  max."    Line  5, 
bel.  maxillae,  &c. 
„    816,  §  8,  line  4,  oochless,  strung  with  a  spiral  harpsichord  of  ribratory 
chords  of  smooth  muscular  fibre.    §  4,  line  8,  (inter-Tertebral). 
S  6,  line  8,  Astrsea  —  Maandrina,  4c. 
A.  A.  A.  S.  VOL.  XXL  27 
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homologons  ones,  and  analogous  features  been  expropriated  by 
forced  loans  from  settlements  otherwise  provided  for.  The  com- 
ponent parts  of  mammarian  crania  have  not  been  properly  identified 
in  the  other  Orders ;  so  that  a  true  system  of  comparaHve  crfxniology 
does  nowise  exists  e.g^  between  Mammals  and  Fishes. 

(a)  In  Embryology^  the  "animal**  (dorsal)  leaf  or  sheet  represents 
by  its  median  dnplicature  the  ^dorsal  or  neural  fissure  from  the 
ethmoid  to  the  caudal  bones;  and  by  its  ovate  border,  subse* 
quently  clenched  together  sidewise,  in  front,  the  entire  amterior 
hicUus  from  the  ethmoidal  bones  (or  the  septum)  to  the  anus  is 
produced. 

All  bones  being  developed  from  within  this  animal  sheet  symmet- 
rically  on  either  side,  it  follows  that  no  median  series  of  bones  can 
anteriorly  exist  except  originally  conjugate  by  pairs.  The  same 
applies  to  the  dorsal  or  "neural"  sutures.  All  vertebral  blocks 
consist  of  a  pair  of  rib-heads  of  the  neural  spine  (see  young  hog, 
Ac)  that  by  a  superior  and  inferior  osnfication  of  the  primitive 
(axial  and  intervertebral)  chondroid  discs  are  soldered  to  a  cen- 
tral, pentagonal  prism,  such  as  we  actually  find  them  denuded  at 
the  base  of  the  skull  and  in  the  .odontoid  process,  e.g^  of  turtles. 
The  latter  prism  or  process  being  supernumerary  to  those  of  die 
epistrophean  and  atlas  vertebrsd,  it  claims  its  position  as  the  first 
(intercondylar)  cranial  prism;  deficient  in  locOy  so  soon  as  (in 
Reptiles)  the  first  nuchal  vertebra  is  being  slipped  forward,  out  of 
line,  as  an  aUas, 

The  prismatic  centre-piece  is  originally  hollow,  as  in  Fishes,  and 
seems  to  represent  a  homologue  of  the  hollow  stipe  of  Crinoids; 
whereas  the  joints  of  corals  seem  to  represent  the  ossified  primi- 
tive ("intervertebral")  chondroid  discs  themselves.  It  hence 
follows  that,  both  in  the  dorsal  and  fivntal  midline  stUures^  none 
but  a  corrugate  series  of  ossifications  can  exist;  and  that,  in  all 
oases,  all  the  occipital  as  well  as  sternal  organizations,  of  Mammals, 
Birds,  and  Saurians,  have  to  be  considered  as  bf/id  ossifications ; 
as  are  the  bifid  sternal  plates  (or  plastron)  of  turtles^  and  the  bifid 
(dorsal  as  well  as  ventral)  homologous  ^n«  of  Fishes.  In  turtles^ 
the  clavate  (deidoid)  rib-heads  are  strictly  homologous  to  those  of 
birds  in  particular ;  their  sutured  plates,  or  rib-blades  proper,  ex- 
panded and  joined  into  a  carapace  analogous  to  the  neural  one  of 

*  Professor  Huxley  says,  p.  174, 1 4;  "  There  are  no  itemal  ribe,  and  no  tnce 
of  true  itemum  hM  yet  been  discoTered  in  the  Chdomia,"  £Qt  '*  Op.  O."  fig. 
66,  U  ihepetnaali  "  Sq."  the  mastM,  the  "  Sp.  0."  of  fig.  U  (piscine). 
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the  oraoium;  while  on  their  free  ends  (tuberculum)  the  anguli 
oofitamm  (the  transverse  element  of  each  rib)  are  jointed  rearward 
as  in  the  analogous  cephalothorax  of  the  cat-fish,  and  are  symphy- 
sized  with  their  partners  from  the  other  side  across  the  dorsal  mid- 
line, as  by  way  of  analogy  the  transverse  processes  of  the  hips  of 
Mammals  (ptUna)  and  those  of  the  shoulder  of  Birds  (true  caracoids 
or  Jwrcula  I — the  well-known  "  wish-bone  *')  meet  across  the  front 
suture. 

Laterally,  the  rib-blade  carapace  of  turtles  ir  bordered  by  a 
close-knit  seam  of  tabulate,  marginal  elements;  analogously  so 
reproduced  in  the  gill-arches  of  the  cat-fish,  as  the  fourth  or 
"cartilage"  element-  The  fifth  car^tsgate  series^  or  stemumj  re- 
mains to  be  accounted  for ;  and  as  such  we  have  to  claim  the  plas- 
tron, or  ventral  plates,  by  mathematical  necessity  I 

A  conjugate  series  of  sternal  ossicles  is  likewise  present  in  cases 
of  ectropium  cordis  and  all  similar  cases  of  an  opening  in  the  anterior 
mediastinum;  as  well  as  in  the  analogous  case  of  the  breast-plates 
of  Crinoids,  sea-urchins,  and  star-fishes.  There  the  bordering 
digital  ribs,  e,g^  of  the  {incurrent)  camiferous  lobes  or  labials  ("  vis- 
ceral lobes  or  arches  ")  of  the  Asterias  aurantiaca  conjugately  meet 
from  either  side,  closing  ov^r  the  ^ rays"  (or  interlabial  hiatus)  by 
a  duplicate  series  of  so-called  sternal  ossicles. 

{b)  As  for  the  duplicate  (or  conjugate)  and  by  no  means  "odd" 
(Owen)  ossification  points  of  the  occipital  squama,  they  are  bi- 
seriatey  and  eight  in  nitmber,  I  have  heretofore  exhibited  the 
proofi  of  this  fact  in  a  number  of  fetal  skulls.  The  same  squama 
(called  an  "odd  or  supernumerary  key-stone"  by  Owen,  and  a 
"  supra-occipital "  by  others)  in  Fishes  forms  a  porcate,  eight-facet- 
ted, rhombic  plate,  which,  as  in  Mammals,  is  on  either  side,  sup- 
ported by  a  tr^/iirc<Ue  condylar  beam  (called  an  "  ex-occipital") ; 
its  head  and  blade  both  touching  the  basal  prism  (withdrawn  in 
all  the  pulmanicy  higher  classes  to  allow  of  nuchal  rotation)  and 
its  transversal-  or  jugular  process  turned  rearward  (Cyprinoids; 
buffido-fish).  The  occipital  neural  rib-head  is  here  not  developed 
into  a  condylar  joint — as  a  matter  of  course  —  although  distinctly 
present;  as  likewise  in  the  consecutive  petrosal,  alisphenoid,  optic, 
and  ethmoidal  beams  respectively. 

In  young  Ruminants  (such  as  the  sheq>  for  example)  the  whole 
temporal  attachment  (meatus,  squama,  and  mastoid)  can  be  easily 
severed  from  the  arcuate  system  of  the  barrelrsJiaped  craniimiy  left 
entire.     Allowing  for  the  missing  cross-divisions  of  its  rhombic 


Digitized  by  VjOOQIC 


212  B.      KATUBAL  HISTOBT. 

ocdipital  Bquama  (that,  however,  are  eanly  cdBCOvered,  e.g^  in  young 
Rodents  and  the  infant  skull),  five  consecutive  belts  are  readily 
distinguished :  the  condylar,  petrosal,  alisphenoid,  optic,  and  eth- 
moid, affording  passages  for  the  locomotor,  acoustic,  sympathetic 
(glossopharyngeal,  dislodged),  optic,  and  olfactory  tracts  succes- 
sively and  respectively.  In  Cyprinoids,  the  same  are  fully  devel- 
oped in  a  flight  oi  jive  consecutive  aide-beams.  The  top,  or  vault 
pieces  of  the  first  (condylar)  and  second  (petrosal,  bearing  the 
8emi4mbedded,'semi-circular  canals)  are  subsumed  in  the  lower  and 
upper  semi-circles  of  the  occipital  squama,  respectively ;  and  the  true 
temporal  bones  we  find  crosswise  inserted^  as  in  Mammals,  between 
the  occipital,  petrosal,  sphenoidal,  frontal,  and  parietal  bones.  It 
is  there  we  have  to  look/or  them^  and  there  we  find  them  I 

(c)  The  temporal  fulcrum  or  attachment  in  Cyprinoid  fishes 
forms  a  perfect  simile  to  a  mammarian  hip  or  pelvis  attcuAed  to 
the  neural  spine;  the  squama  (postfrontal)  an  ileum,  so  to  speak, 
the  dove-taUed  meatus-bone  an  ischium,  the  conic-crescented  mas- 
toid (^  epiotic  ")  a  pubis,  leaving  a  foramen  obturatum  of  its  kind  on 
the  temple.  The  sqiuxma  unites,  in  forming  a  temporal  acetalwhtm 
for  the  reception  of  the  true  incus  ("tympanic  pedidelor  "hyo- 
mandibular  "),  with  the  true  meatus  osseous  [nowhere  recognized] ! 
To  the  true  (ileoid)  squama  temporalis,  overlapping  the  orbit,  we 
find  attached  the  fifth  (crista)  ossicle  as  the  zygomatic  intercalary 
of  higher  animals  (Rodents) ;  and  behind  the  prop  or  meatus-bone 
the  requisite  ** tuberositas"  intercalary  (as  on  the  ischium)  a  little 
sherd  can  be  easily  identified  forming  a  digastric  fossa. 

The  piscine  temporal  attachment  has  never  been  properly 
located  or  identified  by  modem  comparative  anatomists!  On  the 
contrary,  Owen  has  drawn  on  its  three  main  components,  the 
meatus,  squama,  and  mastoid,  to  frame  the  supposed  requisite 
"transverse  processes'*  of  the  cranial  neural  spine.  The  former, 
however,  are  distinctly  located  as  the  jugular  process  of  the  con- 
dylar belt  or  side-slab;  the  otoconUe  of  the  petrosal  and  the 
spinous  sphenoidal  processes  respectively:  all  being  provided  for 
in  their  proper  places. 

{d)  A  simple  reference  to  a  fetal  or  juvenile  mammarian  pelvis 
(dog,  d;c.),  and  even  to  that  of  half-adult  Man,  will  at  once  sufike 
to  show  its  quinque^ip9x\x\^  composition,  on  either  side  (apart  from 
the  contingent  sacral  or  vertebral  axis).  It  invariably  consists  of 
a  prop  or  ischium,  a  Made  or  ileum,  a  transverse  uncinate  process 
or  pubis^  a  sejunct  tuber  iscMi  and  a  separate  crista  ileij  likewise. 
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Correspondingly,  we  find  in  each  perfect  shoulder  a  8honlder-^c;»p 
or  dayicle  .(the  pillar-bone  of  Birds'  shoulders) ;  a  shovlder-i>lade  / 
^  shouldernAooA;  or  ^coracoid"  (transyersal) ;  an  (Kromiofij  and  a 
marginal  picUe^  as  so  many  separate  ossifications,  pecoliarly  promi- 
nent in  extinct  Saarians,  Ac 

That  the  shoulder-prop  or  pillar  bone  of  birds  is  the  true  clamde^ 
becomes  at  once  manifest  by  the  comparison  with  the  clavicle  of 
Mammals  with  a  carinate  sternum, — such  as  the  mole,  d;c.  It  has, 
however,  been  viciously  interpreted  for  a  **  coracoid,"-  and  thus  be- 
come the  main  source  of  confusion. 

Professor  Huxley  himself  justly  insists  to  claim  the  pillar-bone 
of  the  bird-shoulder  as  the  analogue  of  the  ischium.  The  ischium^ 
theny  is  ^  the  true  davide  ofthepehisP     QJEJ). 

The  three  co-extant  ^* cranial  extremities"  —  the  pakUo-maa^ 
iOart/y  the  hy<htympanic  and  masseteric  or  temporaH-mandibuiar — 
have  yet  to  be  severally  identified  and  their  homologies  and  analo- 
gies properly  collocated. 

All  have  a  fnlcral  attachment,  of  the  scapular  or  coxal  (pelvic) 
type ;  each  consisting,  collaterally  and  respectively,  of  a  prop,  a 
blade,  a  transverse  hook,  a  lidge  and  end.  The  transverse  pro- 
cesses of  the  pelvis  and  shoulder  have  been  pointed  out  in  the 
foregoing  as  the  pubis  and  coracoids  respectively,  and  therefore 
the  extremital  levers  cannot  be  considered  as  their  ^  transversals" 
(as  some  authors  will  have  it).  The  shoulder  ring  of  Fishes 
typifies  a  pair  of  dii^ointed  ribs,  as  it  were,  each  consisting  of  a 
skate-shapedjEwqp  or  abutment;  a  long  blade  meeting  its  partner 
underneath  by  its  firee  end  (or  ^  tuberculum  costsd,"  in  ribs).  It 
bears  a  loose  transverse  spar  or  coracoid,  and  is  onward  joined  by  a 
fourth  and  a  fifth  piece,  the  latter  suspended  from  the  mastoid  (or 
epiotic)  of  the  temporal  fabric.  In  bufDdo-fishes,  the  analogy  of  the 
respective  parts  of  the  shoulder  with  those  of  an  aviary  pelvis  is 
striking.  In  the  trotit,  the  analogy  of  the  shoulder-beams  to  a  rib; 
in  the  cod,  the  parallelism  of  the  scapular,  opercular,  and  palatal 
fiibrics  inter  ee  is  very  marked. 

If  in  Birds  we  cause  the  elbows  of  a  skeleton  to  meet  at  the 
sternum  fi-om  either  side,  the  palatcU  apparatus  of  the  same  bird 
will  form  itd  exact  counterpart  in  miniature^  by  way  of  analogy. 

We  here  see,  at  the  base  of  the  skull,  a  stout  prop — called  ^  os 
quadratusn^ — issuing  into  a  slanting  slab,  which,  forming  an 
elbow,  meets  its  partner  from  the  other  side  at  the  sphenoidal  base 
of  the  skull, — the  part  which  in  Mammals  is  occupied  by  the  ex- 
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temal  and  internal  pterygoid  processes.  Bach  miniatore  elbow 
iaauea  —  aa  seen  in  large  bird-akolk — into  two  separate  sUta,  aa 
into  a  radius  and  an  olna,  on  a  delicate  scale.  The  interior  partners 
become  conflnent  as  a  true  vehter;  which  hence,  aa  in  all  other 
cases,  18  trufy  bipartite. 

Cavier  claims  the  mesial  ethmoidal  prism  of  fish^aknlls,  Le^  the 
lamina  perpendicularis,  crista  galli,  ftc,  for  a  vomer.  The  hands 
to  this  palatal  prehensile  are  formed  by  the  digital  rays,  cemented, 
in  Birds,  into^>ne  solid  bill ;  but  completely  sejunct  in  all  Fishes, 
particularly  so  in  the  esocine  forms. 

In  all  juvenile  skulls  of  large  aquatic  birds  we  find  the  temporal 
constituents  (meatus,  squama,  and  mastoid)  all  in  their  respective 
places  as  with  Mammals. 

We  likewise  find  the  tympanic  ossicles — the  incus,  malleus,  and 
stapes— all  enclosed  within  the  channelled  meatus-bone. 

We  find  the  as  quadrcOum  in  the  place  of  the  external  pterygoid 
process  at  the  base  of  the  skulL  As  such  tee  henee  have  to  daim 
it,  having  located  all  the  rest,  likewise. 

Professor  Huxley  resumes  an  old  quidpro-quOj  by  calling  the 
(palatal)  quadrate  bone  by  the  name  of  its  tympanic  neighbor — 
not  homologue — ^malleus"  [p.  77].  The  incus  is  collaterally 
present  in  Birds,  likewise,  beside  the  quadrate.  Their  common 
temporal  (cleidoid)  analogue  is  the  meatus-bone. 

llie  shoulder-prop,  so  to  speak,  of  the  palatal  abutment,  hence, 
is  the  quadrate  bone;  its  humerus,  the  internal  pterygoid  process; 
its  forearm,  the  semi-vomer  and  os  palatinum  respectively. 

In  Birds,  the  mandible,  being  dislodged  from  the  temporal  at- 
^  tachment,  swings  on  the  palatal  prop  instead,  and  this  continues 
down  in  all  the  lower  Vertebrata;  whereby  the  chelonian  ^quad- 
rate "  can  be  easily  identified  as  being  anchylosed  with  the  meatus. 

The  palatal  prop  or  os  quadratum  has  a  <^  zygomatic"  blade  for 
its  (palatal)  shoulder-blade,  in  Fishes  provided  with  a  double 
layer  oracromioo,  so  to  speak.  It  is  called  the  ^preoperoular" 
bone,  and  the  transverse  process  thereto  belonging  is  invariably 
present  in  the  shape  of  a  hamulus^  wedged  in  behind  the  quadrate 
prop. 

In  Fishes,  as  in  rattle-snakes,  the  whole  palatal  &brio  of  one 
side  is  widely  spread  apart  from  its  partner  of  the  other  side. 
The  cod-fish  affords  a  fine  example  of  the  first  or  humeral  spar 
proceeding  from  the  quadrate  prop  and  issuing  into  separate 
palatal  and  vomeral  slats,  widely  apart  fix>m  their  partners  of  the 
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other  side.    In  gnakes,  &o.,  the  zygomatic  appears  agglutinated  to 
the  palatal  htunems  (or  internal  pterygoid  process). 

In  Fishes,  the  hyo-tympanic  bones  remain  to  be  accounted 
for.  We  can  now  safely  verify  tlte  interpretation  given  by  older 
comparative  anatomists,  who  daim  the  tympanic  pedicle  for  an 
incus,  the  opercle  for  a  malleus,  as  a  blade;  a  transverse  anterior 
slat  (metapterygoid)  for  the  stapes ;  the  two  bones  joining  or  top- 
ping off  the  opercular  malleus,  as  fourth  and  fifth  ossicles,  respec- 
tively, for  a  faix  tytnpani  and  true  styloid  prooen.  From  the 
latter  propend,  in  Mammals,  the  strong  hyoid  beams ;  the  ^  oper- 
cular fin "  whereof  we  find  changed  into  the  concave  cartilages 
the  external,  internal,  and  Eustachian  ear-ducts,  true  to  the 
popular  interpretation  of  the  opercular  apparatus  as  (true)  *^fisfir 
tats? 

(e)  In  Fishes,,  the  component  parts  of  ribs  —  head,  blade, 
transversal  process,  the  equitant  ** spinal"  series,  and  the  (bifid) 
mesiaUfin  series^ all  remain  so  many  separate  spines  or  osseous 
splinters.  The  peg,  wedge,  or  cog  shaped  rib-heads  being  fire- 
quently  connate  with,  or  adpressed,  or  immersed  into  the  hour- 
glass shaped  vertebral  prisms,  they  have  been  construed  into 
^transverse  processes;"  whereas  they  truly  represent  the  hcBmal 
ecqpUular  portions  of  vertebral  block-pieces;  as  with  higher  Verte- 
brata  the  neural  capitula  become  anchylosed.  * 

(/)  The  gill-arches  of  Fishes,  five  in  number,  represent  so 
many  anterior  pairs  of  ribs  or  cranial  hsemal  arches,  in  which, 
however,  the  component  parts  are  more  massive,  and  also  synchon- 
drosed,  as  in  the  ribs  of  higher  animals. 

In  number  they  correspond  to  the^ve  cranial  neural  belts,-^  (the 
motor,  acoustic,  sphenoidal,  optic,  and  olfisictory  ones).  In  Fishes 
three  sejunct  basal  prisms  of  the  cranium  are  observable:  one 
specially  underlying  the  ethmoidal  arches,  and  forming  the  true 
lamina  perpendicul&ris ;  and  one  specially  underlying  the  condylar 
or  ex-ocdpital  slabs.  In  Mammals  we  find  four  distinct  ones  on 
the  cranial  base,  and  a  supernumerary  one  on  the  spinal  colunm : 
the  odontoid  prism  or  process  which  claims  its  true  position  as  the 
first  basal  (intercondylar)  cranial  element.  The  corresponding  five 
pair  of  gill^rches,  as  so  many  h«mal  arches  of  the  cranium,  are  pro- 
vided with  as  many  vcbscular  (or  ^Ikcsmal'^)  loops  of  veins  and 
arteries.  They  are  essentially  distinct  fi-om  the  '^  visceral  lobes,"  or 
^visceral  arches"  (of  the  embryonic  &cial  hiatus),  in  which  the 
osseous  cranial  extremities  —  the  palatal,  maxillary,  hyo-tympanio 


Digitized  by  VjOOQIC 


216  B.      KATUBAL  HIBTOBT. 

bones,  See.  —  are  developed.  JBoth  the  giU-^cxrehea  and  vUe^ral  or 
facial  lobes  (labiala)  are  colikUeraUy  present  in  Fishes^  as  a  matter 
of  course. 

{g)  The  five  vascular  loops,  *  encircling  the  fish-gills,  are  also 
perceptible  in  an  embryonic  condition,  about  the  thyreoid  region 
in  fetal  Mammalia,  ftc,  and  in  adult  monstrosities  are  found  de» 
veloped  in  the  chest  (mediastinum)  of  man.  (See  Tiedemann's 
Artery  Tables.)  The  gill-arches  themselves  are  gradually  seen 
transforming  into  a  laryngeal  apparatus.  The  rear  arch  of  Corvina 
Oscula  clearly  exhibits  the  thyreoid  form.  In  turtles,  the  arch- 
beams  form  the  incipient  frame  of  a  fiiture  larynx,  respiration  being 
withdrawn  from  the  fringed  gills  into  the  glandular  lungs. 

It  is  hence  evident  that  the  vascular  loops  or  gill-arches  can 
nowise  be  identified  with  the  *^  visceral  arches,"  so-called  by  im- 
proper comparison. 

A  detailed  account  of  the  visceral  analogies  and  homologies 
will  be  given  hereafter,  as  indicated  in  last  year's  paper  on  ^  Nu- 
meric Relations,"  &c. 


5.  On  thk  Diffbbbnce  bbtwbbit  the  Animal  (Skksital)  Ain) 
THE  HuicAN  (iNDAGATrrs)  Intbllbct.  By  Thbodobb  C. 
HiLGABD,  of  St.  Louis,  Missouri. 

The  most  comprehensive  term  descriptive  of  intelligent  capaci- 
ties is  doubtless  that  which  we  call  understanding. 

Understanding  realizes  ultimates  from  the  point  of  view  of 
principles ;  effects  from  that  of  causes ;  complex  and  vital  phe- 
nomena from  that  of  the  Uxvo  or  uniform  common  features,  in  con- 
tradistinction to  the  specific,  particular,  or  characteristic  features. 

In  all  these  provinces,  embracing  the  entire  domain  of  MoOh^ 
maticsy  Logic^  Physics^  *and  Morality^  the  understanding  consist 
in  the  genetic  construing^  or  developing  of  the  complex  from  the 
simple^  and  of  the  unknown  from  the  kno%cn 

It  is  thus  a  genetic^  or  creatorial,  energy  of  the  mind,  compre- 
hending the  multiple  by  the  unit. 
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Certainly  the  knowledge  of  logical  cogency,  and  of  hidden 
causes,  for  known  complex  effects;  as  well  as  the  analytic  dia- 
eusaion,  whether  of  magnitudes  and  numbers  into  factors,  or  of 
qualities  into  simpler  laws^  are  entirely  alien  to  the  brute  intel- 
lect. 

How,  then,  is  this  comprehensive  (and  hence  comprehensory) 
stand-point  gained  ? 

If  we  are  to  consider  physical  science  (or  the  judgment  of 
physical  impressions  and  realities)  as  the  construing  of  effects 
from  primary  forces,  —  or  (in  default  of  true  principles)  from  Hm^ 
pier  ejSects,  called  ^causes," — then  all  associated  or  complex  sen- 
sorial impressions  require  to  be  resolved  (or  ^analyzed")  into 
optional  campanerU  faciars  (or  co^^Zciente,  mathematically  speak- 
ing), to  be  severally  subjected  to,  and  susceptible  o^  explanatory 
causes  yet  to  be  elicited  or  "^  construed." 

Whenever  we  reason  from  the  known  to  the  unknown,  there 
are  only  two  kinds  of  ^premises"  possible  from  which  we  can 
proceed  in  reasoning :  — 

1.  We  either  proceed  from  known  or  granted  causes  and  prin- 
ciples into  necessary  effects,  t.e.,  ultimates  necessarily  and  with 
strict  cogency  thence  ^-  following  "  or  flowing.    Or — 

2.  We  proceed  from  given  compound  cases,  requiring  the  un- 
known causal  explanation  yet  to  be  devised^  suggested  or  con- 
jectured, and  introduced  in  order  to  effect  an  understanding. 

Ad.  1.  In  the  case  of  proceeding  from  granted  principles  into 
consequences  (the  ^  syllogistic  ^  process),  we  have,  in  each  step  we 
take,  to  bring  the  ^ven  principles  to  bear  upon  such  ultimates,  so 
as  to  cover  the  case  effectually. 

This  effectual  utilizing  of  the  principle  by  combination^  or  its 
synthetic  dri/t  conducting  toward  the  particular  effects  held  in 
view,  in  each  case  requires  its  being  enacted  as  a  free  creation  of 
the  human  mind. 

And  when  once  so  conducted  as  actually  to  bring  the  principles 
effectually  to  bear^  it  is  by  logical  testy  trial,  proo^  or  scrutiny  that 
the  cogency  or  logical  consistency  of  such  synthetic  combinations 
can  be  ascertained. 

But  Logic  does  not  itself  create  the  argument.  The  argument, 
likewise,  had  first  to  be  conceived  or  posited,  framed  or  devised.  If 
actually  brought  to  bear,  it  amounts  to  nothing  short  of  a  logical 
anticipation^  or  a  logical  ^  intuition." 

Tlie  same  applies  to  all  mental  devices  brought  to  bear  in  math- 
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ematical  analysis  and  synthesis,  before  the  actual  compatation  can 
be  carried  out. 

AcL  2.  In  the  understanding  of  sensorial  phenomena  (or  objective 
reality),  we  are  compelled  to  proceed  from  the  known  compound 
or  complex  sensorial  fact  (as  premises)  into  the  (required  but) 
unknown  causal  explanation. 

The  explanatory  exegesis  of  given  phenomena  (t.«.,  the  intuUive 
conception  of  simpler  causes)  the  English  language  invariably  dis- 
criminates from  logical  deductions,  by  the  term  of  an  inference. 
Practically,  an  inference  is  a  so-called  ^  hypothesis,"  suggestively 
introduced  as  an  eay)lancUory  cause  for  given  facts  cu  premises. 

It  is  very  plain  that  such  is  the  actual  practical  distinction  held 
by  universal  usage  as  regards  ^^nference,"  being  used  to  imply 
any  causal  surmise. 

It  is  the  more  to  be  regretted  that  English  and  American  lexi- 
cographers alike  have  never  yet  succeeded  in  discriminating 
between  this  special  meaning  of  the  word  ^  inference,'^  as  dis- 
tinct irom  other  surmises  and  conclusions. 

A  deduction  or  syllogistic  consequence  naturally  follows^  con- 
clusively, from  granted  principles.  An  inference,  on  the  contrary, 
has  to  be  made  wherever  an  eoq^lanation  has  to  be  stqjpliedL  The 
distinction  is  of  the  highest  importance.  ^*  Conclusions  "  are  either 
cogent,  consequential  ones ;  or  else  they  are  explanatory  ones,  — 
optional  inferences,  requiring  proof  as  being  unsafe,  and  only 
suggested  as  possible,  but  not  really  demonstrated  by  way  of  syl- 
logistic proof. 

It  is  quite  essential  that  safe  ground  should  be  held  separate 
from  unsafe  ground,  logical  necessities  held  apart  from  optional 
views  embraced  or  suggestively  mooted. 

And  this  essential  distinction  is  embodied  as  a  technical  term 
in  the  English  popular  diction  probably  alone  among  modem 
languages. 

Plausible  explanatory  suggestions,  it  may  be  argued,  are  mostly 
derived  from  analogies.  What  are  analo^es?  Analogies  are 
partial  identities  between  different  totals.  Animals,  it  is  true,  are 
likewise  seen  to  act  as  if  guided  by  analogical  reasoning.  That 
analogy,  however,  is  a  complex  one,  and  not  actually  subjected  to 
an  analysis.  It  is  thus  that  ^training''  becomes  possible^  by 
merely  accidental,  complex  associations,  typically  and  permanently 
impressed  on  the  brute  mind,  without  a  discrimination  into  com- 
ponent factors;  i.^.,  without  supplying  separate,  but  hidden,  causes^ 
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or  discriminating  the  necessary  features  from  the  accidental  or 
concomitant  ones. 

If^  as  we  daily  do,  we  supply  separate  causes,  motives,  or  con- 
ditions, by  inference^  we  must  first  be  able  to  discuss  or  resolve  the 
tohole  into  separate  phenomena^  i.e.j  into  optional,  simpler  consider- 
ations or  necessary  ^  categories  ^  of  the  mind  and  sensorial  per- 
ceptions. 

It  is  thus,  e.g^  that  we  can  resolve  our  perception  of  eyesight 
into  the  consciousness,  e,g.y  of  light,  shade,  color,  and  into  the 
judgment  of  form  and  distance. 

The  latter,  again,  we  can  construe,  on  necessary  postulates  and 
real  conditions  given,  into  an  anatomic  and  geometrical  coarrange- 
ment,  of  prismatic  fibres  conveying  light-impressions,  with  certain 
muscular  or  motor  fibres,  whose  separate  action  thereby  appears 
identified  in  habitual  visual  judgment,  on  the  same  plan  as  that  of 
brute  training  by  habitual  and  unfailing  sensorial  association. 

Therefore,  as  we  cannot  introduce  the  distinctive  causal  surmise, 
or  inferential  explanation  —  whether  by  analogy  or  not  —  without 
having  first  separated  the  phenomena  into  simpler  considerations 
or  categories,  it  is  actually  to  this  peculiar  power  of  analytic  dis- 
cussion^  or  ^  discrimination  ^  of  factors,  that  we  owe  the  human 
faculty  of  conceiving  of  phenomena  by  latos^  or  simpHfied^  causal 
points  of  view. 

It  is  thus  that  by  discrimination,  as  a  peculiarly  human  gift,  light 
is  introduced  into  darkness, — intelligence  among  the  sensorial 
impressions. 

An  inference  or  suggested  explanation,  when  on<^  brought  to 
bear  so  as  to  cover  the  ground,  and  verified  by  experiment,  is  thus 
far^  and  only  thus  far^  trustworthy.  It  is  then  called  ^  an  induc- 
tion.'' Induction  is  inference  duly  brought  to  bear  and  borne  out 
by  the  event,  so  far  as  attempted  or  carried  out. 

So  long  as  the  supposed  cause  cannot  be  directly  proved  to  exist, 
so  long  the  explanation  is  inferential,  hypothetical,  and  although 
probably  true,  eo  ipso  it  remains  —  doubtfuL 

We  are  essentially  ignorant  of  the  fundameiital  origin  of  differ- 
enced of  Quality.  When  mathematical  problems  have  been  re- 
solved to  the  unit,  which  is  the  ^key"  and  measure  of  all  numeric 
ide3S,  the  truth  is  intrinsically  evident.  But  whereas  we  are  not 
yet  enabled  to  trace  all  causes  to  the  Cause  of  Causes,  wherever 
Cause  —  ».e..  Quality  —  is  concerned  we  have  to  revert  to  infer- 
ential explanation  or  so-called  ^  hypothesis.^ 
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Newton's  alleged  motto,  '^JETf/potheMs  nonfingo^  is  but  a  logical 
or  psychological  mistake.  So  loDg  as  we^  cannot  prove  nehy  matter 
must  or  should  ^gravitate,"  —  true  though  it  be, — so  long  as  a 
presumed  QiwHiiy  is  involved,  so  long  it  remains  a  true  hypoth- 
esis! In  point  of  fact,  Newton  ^^ fixed"  the  greatest  hypothesia 
yet  on  record ! 

Step  by  step,  proceeding  from  the  complex  to  the  simple,  the 
explanatory  or  intelligent  idea  has  to  be  intuitively  cheated  or 
^  anticipated ; "  not  only  in  the  strict  sense  of  scientific  investiga- 
tion, but  in  the  daily  occurrences  which  surround  us.  That  we 
actually  exercise  this  intuitive  discrimination  with  some  degree  of 
success  is  evident  firom  the  fact  that  we  are  invariably  eurprised 
when  we  discover  that  we  have  been  '^mistaken." 

In  no  other  known  case  the  faculty  of  analytic  discrimination,  aa  a 
fundamentally  distinctive  property  exercised  by  the  human  intel- 
lect, becomes  so  supremely  evident  as  in  the  domain  of  mathemati- 
eal  reasoning. 

Of  this  faculty  we  have  not  yet  observed  a  trace  in  animal 
existence.  The  geometrical  operations  of  the  bee  remun  typically 
stereotyped,  like  a  physical  necessity,  not  as  an  intelligent  act  of 
conscious  mathematical  lo^c 

It  is  in  the  particular  province  of  mathematical  analytic  and 
synthetic  logic,  that  the  proof  can  be  given  that  there  is  one 
inalienable  intelligent  law  or  logical  necessity  independent  of 
individual  opinions,  sensorial  prooft,  or  personal  convictions  what- 
ever. 

Infinite  fractions  cannot  be  rendered  sensorially  convincing  or 
cogent,  because  each  numeric  firaction  absorbs  the  same  measure 
of  time,  to  be  realized,  represented  or  expressed.  Hence  infinite 
time  would  be  required  to  prove  the  possibility  or  the  actual,  ,/Sn»0e 
amount  of  any  such  fraction.     / 

If  we  could  realize  all  smaller  fractions  in  a  time  corresponding 
to  their  minuteness,  we  could  come  to  an  end  in  a  given  time. 

It  is  thus  plain  that  sensorial  thinking,  or  a  conscious  ideal 
representation  ctt  a  temportd  rate^  forms  an  insurmountable  barrier 
to  conceiving  of  the  infinite  and  the  so-called  ^^ incommensurable" 
magnitudes,  which  are  nevertheless  strictly  gauged  by,  and  de- 
pendent on,  one  another. 

For  example,  as  Arago  aptly  suggests,  it  is  easily  demonstrable 
for  all  human  intelligences  —  and  there  is  only  one,  uniformly 
cogent,  consistent,  and  absolutely  impersoncU  human  Zo^«— that 
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the  diagonal  of  a  geometrical  square,  called  one,  is  the  actual 
geometrical  sqttare  root  of  two ;  since  a  square,  erected  on  such 
a  diagonal,  emhraces  just  four  halves  =  two  wholes.  This  can- 
not be  proren  to  the  senses,  but  only  to  the  common  &ense; 
which,  in  this  and  all  true  mathematical  cases,  is  absolute  and 
nndeniable. 

The  fundamental  boon  of  Discrimination  for  the  purpose  of 
analytic  understanding  is  chiefly  initiated  and  exercised  by  a 
comparison  of  cases  submitted*  It  is  the  stepping-stone  of  all 
science. 

Comparison  confronts  the  materials,  in  order  to  — 

1.  Discriminate; 

2.  Unify  the  uniform  features,  as  the  late  ;  and 

8.  Separate  the  individual,  distinctivCy  or  characteristic  onea 

Where  causes  remain  d  priori  unknown,  as  in  the  Biological 
Sciences  (seeing  that  creation  of  Itfe  lies  outside  of  experiment), 
we  can  only  operate  by  eliciting  ^  laws "  or  uniform  fundamental 
Acts  and  features,  and  all  this  in  science  can  only  be  done  by  an 
analytical  comparison,  a  po«^er»or»  /  not  by  denominational,  diag- 
nostic postulates  h  priori. 

Now  all  these  branches  of  the  inductive  mathematical,  the 
physical,  and  biological  understanding  (each  of  which  is  inac- 
cessible to  the  brute  mind),  are  one  and  all  subsumed  under  the 
idea  of  a  quantitative,  qualitative,  and  biological  Comparative 
Analy&is  of  JPhenomena,  as  the  fundamentally  distinctive  —  di&- 
criminativey  exegetic,  and  creative  —  attribute  of  one  intuitive  and 
godlike  Mind. 

There  can  be  no  doubt  that  animals  conceive  (and  by  training 
can  be  made  to  conceive)  of  apparent  cause  and  effect  by  contrast. 
Contrast,  or  comparison,  simplifies  the  problem ;  it  brings  apparent 
cause  and  effect  to  bear,  and  in  the  force  of  contrast  lies  the  in- 
citement to  all  discrimination,  generally  speaking. 

Where  is  the  distinctive  feature,  then,  which  adapts  the  human 
mind  to  progress  in  contrast  or  analysis  f 

It  is  evidently  requisite  that  there  should  be  a  voluntary  memon/, 
reproducing  otherwise  vague  totalities  of  experience  in  categorized 
forms,  as  ^  oasesJ* 

It  is  by  voluntary  memory  that  similar  cases  cwi  be  brought  to 
bear,  to  institute  the  analytic  comparison.  Cases  can  be  collected, 
accumulated,  discussed,  or  assumed,  withotU  being  present  to  the 
senses:  at  the  mental  prompting  of  a  categoric  fea^tiure. 
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Analysis  hence  can  progress,  by  means  of  mental  record  last- 
ingly impressed  and  resuscitated  at  will  or  pleasure,  by  catenaries. 

From  this  categoric  mmwry^  then,  the  faculty  o^  judgment  pro- 
ceeds. 

It  is  evidently  this  accumulative,  optional  revival  of  memory, 
by  ^^pointe^^^  which  is  deficient  in  the  animal  mind. 

It  is  hence  truly  predicable  that  there  is  a  triune  faculty  of  the 
human  mind,  Will,  Memory,  and  Judgment;  the  latter  proceeding 
from  the  two  former  as  a  Unit  of  discbiminativs  season. 


6.  Os  THE   Oviducts  and   Embbtolooy  of  Tebebbatuuha. 

By  Edwabo  S.  Mobse,  of  Salem,  Massachusetts. 
*» 

Fob  several  years  past  I  have  made  a  special  study  of  the 
Brachiopoda.  The  publication  of  the  results  of  these  investiga- 
tions has  been  purposely  delayed,  till  I  could  incontestably  demon- 
strate the  genital  nature  of  the  Cuvierian  hearts,  so  plainly  shown 
to  be  oviducts  by  Hancock  and  Huxley,  and  till  something  at  least 
could  be  given  of  the  embryology  of  some  brachiopod.  For  these 
two  matters  I  have  visited  Eastport,  Maine,  for  the  third  time, 
and  now  my 'heretofore  fruitless  endeavors  have  been  met  with 
success. 

The  results  of  these  observations  were  communicated  at  the 
19th  of  June  Meeting  of  the  Boston  Society  of  Natural  His- 
tory. 

I  had  before  seen  the  ciliary  lining  of  the  oviducts  in  Lingula 
and  Terebratulina,  but  I  wished  to  see  the  eggs  in  their  actual 
passage  through  the  tubes.  This  I  have  now  repeatedly  observed 
in  Terebratulina.  The  eggs  were  seen  discharged  from  the  sinuses 
in  the  pallial  membrane,  afterward  floating  freely  in  the  perivis- 
ceral cavity ;  the  eggs  were  then  seen  gathered  at  the  trumpet- 
shaped  mouth  of  the  oviduct,  and  have  been  watched  as  they  were 
slowly  passing  through  the  tube  and  have  been  caught  as  they 
were  discharged  at  the  external  orifice.     These  eggs  have  then 
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been  followed  in  their  development  until*  they  assumed  the  form 
of  a  deeply  annulated  embryo,  composed  of  four  distinct  rings, 
which  had  a  marked  vermian  contraction  upon  each  ^other.  At 
this  stage  they  appeared  to  be  attaching  themselves  by  the  caudal 
segment.  During  the  latter  part  of  this  examination  my  embryos 
were  unfortunately  lost.  I  had  not  the  necessary  appliances  to 
keep  the  water  at  the  frigid  temperature  to  which  they  were  accus- 
tomed, and  the  increased  temperature  of  the  water  led  to  a  rapid 
development  of  ParamsBoia,  and  other  infusoria,  and  my  poor 
embryos  were  ruthlessly  eaten  up.  I  have,  however,  nearly  three 
hundred  outlines  of  the  embryos  during  their  development,  a  few 
of  which  are  presented  with  this  brief  communication.  Next  year, 
it  is  hoped,  a  complete  history  of  their  development  will  be  made, 
as  many  things  have  been  observed  in  their  proper  management 
of  which  I  shall  profit  in  my  next  attempt. 

There  were  also  discovered  prominent  glands  at  the  external 
openings  of  the  oviducts  in  Terebratulina,  which  I  have  eveiy 
reason  to  believe  represent  the  testes.  These  glands  surrounded 
the  external  orifice  of  the  oviducts,  which  protruded  somewhat 
from  the  anterior  walls  of  the  body,  and  the  glands  were  invari- 
ably found  filled  with  spermatozoa. 

From  Eastport,  Maine,  I  hurried  to  the  St.  Lawrence,  with  the 
hopes  of  securing  some  data  regarding  the  embryology  or  early 
stages  of  another  brachiopod  found  there,  MhynchoneUa  psittacea. 
I  was  altogether  too  late  for  this,  but  had  the  pleasure  of  studying 
RhyncJwneUa  cUive^  to  note  the  ciliary  action  in  the  oviducts 
driving  currents  outward,  and  to  establish  the  correctness  of 
Owen's  supposition  that  the  arms  of  Rhynchonella  can  be  pro- 
truded. A  jar  of  specimens  dredged  by  Dr.  P.  P.  Carpenter, 
who  kindly  accompanied  me  from  Montreal,  was  left  standing 
undisturbed  for  twenty-four  hours,  when  one  of  the  specimens 
protruded  its  arms  their  entire  length  from  the  partially  opened 
shells.  I  poured  the  sea-water  carefully  out,  and  suddenly  poured 
in  the  strongest  alcohol,  and  the  specimen  is  now  preserved  in 
this  exerted  position. 
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ExfUlHation  of  Platb. 
Genitals. 

Ugare  1.  QlondaUr  organs  supposed  to  be  testes,  seen  from  below. 

„  2.  Portion  of  left  OTiduct  with  its  relation  to  the  supposed  testis. 
a.  Oyiduct.    6.  Its  external  opening,    c.  Testis. 

„  8.  Left  oviduct  as  it  appears  from  the  front  through  perivisceral  wall. 
a.  Oviduct.  6.  Its  external  opening,  c.  Internal  opening,  d.  Ova- 
ries in  pallial  membranes,  e.  Left  divaricator  muscle.  f.f.f.  Eggs 
entering,  passing  through,  and  escaping  from  oviduct. 

„  4.  Bight  oviduct  seen  from  behind,  a.  Intestine.  66.  Anterior  occlusor 
muscles,  c.  Oviduct,  d.  Internal  mouth  of  oviduct  held  in  the 
ilio-parietal  band,  "  like  a  landing  net  in  ite  loop."  e.  Ilio-parietal 
band.   /.  Ventral  mesentery,    g.  Accessory  heart  of  Hancock. 

„      6.  External  orifice  of  oviduct. 
Note.  —  The  severed  portion  of  intestine  is  thrown  into  folds,  in  consequence  of 
contraction  of  the  outer  wall  of  intestine. 

Emlnyology. 

Figures  1  to  12,  showing  various  stages  of  embryo. 

„       6  and  8,  partial  side  views. 

„       7  and  11,  side  view. 
Figure  12,  partial  end  view. 


m.    ETHNOLOGY. 


1.  Anciekt  Mounds  of  Dubuque  and  its  Vicinity.     By  H. 
T.  Woodman,  of  DubuqUe,  Iowa. 

The  mounds  and  other  ancient  earthworks  of  North  America 
are  far  mpre  abundant  than  is  generally  supposed,  from  the  fact 
that,  while  some  are  quite  large,  the  greater  part  of  them  are  small 
and  inconspicuous.  Along  nearly  all  of  our  western  water-courses 
that  are  large  enough  to  be  navigated  with  a  canoe,  the  mounds 
are  almost  invariably  found,  crowning  the  bare  points  and  head- 
lands of  the  bluf&  which  border  the  narrower  valleys,  so  that 
when  one  finds  himself  in  such  positions  as  to  command  the  grand- 
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est  views  of  our  river  scenery  he  may  almost  always  discover  that 
he  is  standing  upoii,  or  in  close  proximity  to,  some  one  or  more  of 
these  traces  of  the  labors  of  an  ancient  people.  Some  of  these 
mounds  can  now  be  seen  from  the  streets  of  our  city,  but  a  greater 
number  have  become  obscured  from  view  by  the  encroaching 
growth  of  forest  trees.  Hundreds  of  them  are  thus  hidden  along 
the  valleys  and  blufis  of  our  great  Mississippi  River  and  its  tribu- 
taries, but  the  greater  part  may  yet  be  traced  by  careful  obser- 
vation. 

It  is  not  only  upon  the  points  and  headlands  that  these  mounds 
are  found,  but  they  also  exist  in  great  numbers  upon  the  broader, 
upper  terraces  in  the  valleys. 

The  terraces  are  such  as  Professor  White  refers  to  the  Terrace 
Epoch,  having  doubtless  been  ancient  flood-plains  of  the  adjacent 
streams ;  but  they  are  now  far  above  the  reach  of  their  highest 
floods.  They  furnish  the  most  convenient  sites  for  the  valley  towns 
of  the  white  race,  and  we  oflen  find  that  convenience  or  senti- 
ment had  induced  the  mound-builders  also  to  choose  precisely  the 
same  sites  for  their  earthworks.  The  result  is  that  a  large  number 
of  mounds  in  such  positions  are  not  only  obscured  by  the  growing 
towns,  but  are  ruthlessly  destroyed  every  year. 

It  is  for  this  reason  that  I  wish  to  call  the  attention  of  this  Asso- 
ciation to  some  of  the  mounds  that  once  occupied,  and  now  in  part 
occupy,  the  ground  in  and  around  the  city  of  Dubuque,  and  to 
preserve  in  its  publications  a  record  of  them ;  but  it  is  not  my  pur- 
pose to  enter  into  any  discussion  of  their  origin  nor  of  the  uses  for 
which  they  were  constructed. 

Large  numbers  of  these  mounds  have  been  destroyed  by  the 
building  of  our  city :  how  many  I  do  not  know,  for  it  is  true  that 
a  majority  of  persons  do  not  recognize  their  true  character  even 
if  living  in  daily  contact  with  them.  Indeed,  so  far  as  I  know,  no 
person  had  either  publicly  or  privately  recognized  the  group  I  am 
about  to  describe,  although  located  within  the  corporate  limits  of  our 
city,  until  they  were  discovered  by  myself  and  their  existence  made 
known  to  the  public  through  the  medium  of  one  of  our  newspapers 
only  a  few  months  ago.  This  group  is  located  within  the  northern 
limit  of  the  city,  adjacent  to  the  narrow  body  of  water  known  by 
the  local  name  of  Lake  Peosta,  and  about  fifty  feet  above  its  sur- 
face. 

They  are  circular,  or  nearly  so,  except  the  three  larger  ones 
along  the  edge  of  the  terrace  facing  the  east,  the  Mississippi  River 
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and  the  lake  before  mentioned.  THey  are  almost  invariably  fifteen 
paces  apart  from  centre  to  centre,  the  smaller  ones  being  from  two 
to  two  and  a  half  feet  high  and  about  twenty  feet  in  diameter. 
The  material  of  which  they  are  composed  is  the  ordinary  alluvial 
soil  of  the  terrace.  They  are  seventy  in  number,  and  are  now 
shaded  by  a  pleasant  oak  grove  of  comparatively  recent  growth. 

What  is  most  remarkable  about  this  group  of  mounds  is  their 
number  and  the  great  regularity  of  their  arrangement,  being 
arranged  in  straight  or  slightly  curved  lines  (some  of  them  be^g 
parallel),  and  their  nearly  uniform  distance  apart,  namely,  about 
fifteen  paces. 

That  the  shape,  size,  and  position  of  the  larger  mounds  in  rela- 
tion to  the  othei*s,  together  with  the  arrangement  of  nearly  all  in 
lines  with  almost  uniform  interspaces,  formed  part  of  the  plan  of 
their  builders,  cannot  be  doubted ;  but  the  knowledge  as  to  what 
that  plan  had  reference  doubtless  perished  with  those  that  con- 
structed them. 

No  other  traces  of  man  or  his  works  have  as  yet  been  discovered 
in  connection  with  them,  but  only  a  few  rods  to  the  northward 
and  eastward  of  the  limits  of  the  group  I  discovered  fragments 
of  the  ancient  pottery  and  several  flint  arrow-heads  some  years 
ago. 


2.  On  Certain  Peculiarities  in  the  Crania  op  the  Mound- 
Builders.    By  J.  W.  Foster,  of  Chicago,  Illinois. 

While  the  individual  variations  in  the  crania  of  a  particular 
race  are  so  great  as  to  present  intermediate  gradations  all  the  way 
from  one  extreme  to  another,  thus  forming  a  connecting  link  be- 
tween widely  separated  races,  yet,  in  a  large  assemblage  of  skulls, 
derived  from  a  particular  race,  there  is  a  general  conformation,  a 
predominant  type,  which  appears  to  have  been  constant  as  far 
back  as  human  records  extend ;  to  have  been  unafiected  by  food, 
climate,  or  personal  pursuits ;  and  which  has  been  regarded  among 
the  surest  guides  in  tracing  ethnic  affinities.     Hitherto  our  knowl- 
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edge  of  the  Mound-builders'  crania  has  been  exceedingly  scant, — 
restricted  to  less  than  a  dozen  specimens,  which,  if  authentic, 
clearly  indicate  for  the  most  part  the  Indian  type.  The  results  of 
my  observations,  made  at  different  points,  have  led  me  to  infer 
that  they  were  characterized  by  a  general  conformation  of  parts, 
which  clearly  separated  them  from  the  existing  races  of  man,  and 
particularly  from  the  Indians  of  North  America. 

I  propose  to  discuss  these  distinctive  characters,  based  on  crania 
derived  from  points  somewhat  widely  asunder : 
I.  From  the  region  of  Chicago,  Illinois. 
II.  From  the  region  of  Merom,  Indiana. 

III.  From  the  region  of  Dubuque,  Iowa. 

The  similarity  of  type  in  these  crania,  apart  from  the  similarity 
in  weapons  of  warfare,  pottery,  personal  ornaments,  and  earthwoHcs, 
would  indicate  a  homogeneous  people  distributed  over  a  wide 
area. 

I.    From  the  Region  of  Chicaoo. 

A  portion  of  the  crania  described  in  this  paper  was  collected 
from  two  groups  of  low  mounds  about  five  miles  apart,  situated 
on  the  banks  of  the  Des  Plaines  River.  Dr.  Stimpson  —  now 
deceased,  but  whose  memory  will  be  honored  by  every  cultivator 
of  science  in  this  country  —  was  first  attracted  to  one  of  these 
groups  by  observing  circular  trenches  investing  knolls  two  and 
one-half  feet  above  the  surrounding  plain,  which  led  him  to  believe 
that  they  were  artificial;  and,  under  his  direction,  Mr.  Charles 
Kennicott,  assisted  by  Dr.  Durham,  entered  upon  their  exploration. 
There  were  portions  of  eleven  skeletons  found  in  the  first  group, 
but  they  were  so  far  decayed  that  only  one  skull  and  three  frontal 
bones  sufficiently  well  preserved  to  admit  of  measurement  and 
comparison  were  obtained. 

The  other  group  of  mounds,  situated  near  Haas's  Park,  yielded 
human  remains  which  evidently  belonged  to  two  distinct  epochs. 
In  them  were  found  well-marked  Indian  skulls,  in  a  condition 
slightly  changed,  and  two  skulls  evidently  belonging  to  Half- 
breeds,  —  thus  showing  that,  up  to  a  comparatively  recent  time, 
these  mounds  had  been  used  as  places  of  sepulture  by  different 
races.  In  addition  to  these  evidences  of  recent  entombment, 
were  found,  fen  gone  in  decompositionj  quite  a  number  of  crania 
presenting  features  which  readily  distinguished  them  from  those 
of  the  Indian  and  Half-breed.     These  relics  have  a  high  valuer 
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as  without  doubt  they  are  the  authentic  skulLs  of  the   mound- 
builders. 

The  best  preserved  skull  belonging  to  this  pre-historic  race 
was  taken  from  what  is  called  ^  Stimpson's  Mound,"  one  of  the 
group  first  described.  The  gelatinous  matter  had  been  dissolved 
away ;  and  the  bony  matter,  as  saturated  with  moisture,  presented 
a  soft  spongy  mass,  exceedingly  fragile,  which,  when  dried,  readily 
adhered  to  the  tongue.     The  soil  was  not  unfavorable  to  the 


Fig.  1  =  i.  —  Skull  from  Stimpson's  Mound .♦ 

a  Superciliary  ridge  and  glabella. 

6  Coronal  suture. 

c  Apex  of  lambdoidal  suture. 

d  Occipital  protuberance. 

e  Squamosal  suture. 

/  Position  of  the  foramen  magnum.t 

preservation  of  human  remains,  being  a  fine  loan\  which,  when 
packed,  resisted  the  leachiug  of  the  waters.  To  these  remains, 
then,  we  may  assign  a  very  considerable  antiquity. 

*  The  dotted  line  inside  shows  the  contour  of  the  AustraUan  skull  —-  the  lowest 
of  existing  races ;  the  outer  dotted  line,  that  of  the  European,  —  the  highest. 

t  As  these  points,  in  the  subsequent  illustrations,  will  bear  the  same  letters, 
the  names  will  not  be  repeated. 
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This  skull  is  imperfect,  the  left  parietal  being  wanting,  and  also 
the  base,  and  therefore  will  not  be  the  subject  of  minute  descrip- 
tion.  There  are,  however,  a  few  general  points  displayed,  which 
will  be  found  characteristic  to  a  greater  or  less  degree  of  the 
crania  subsequently  represented,  to  which  I  would  direct  atten- 
tion: 

1.  The  low  development,  both  in  the  anterior  and  posterior 
regions  at  the  apex  of  the  coronal  (b)  and  that  of  the  lambdoidal 
suture  (c),  as  well  as  the  low  frontal  eminences,  whereby  the  form 
of  the  Gothic  arch  is  given  to  the  profile  view. 

2.  The  obliquity  of  the  line  which  starts  from  behind  the  fora- 
men magnum,  and  runs  to  the  occipital  crest  (b), 

8.  The  tendency  at  the  union  between  the  parietal  and  squamous 
bone  (e)  towards  a  straight  line. 

4.  The  projection  of  the  nasal  bones  beyond  the  general  outline 
of  the  skull, 

5.  The  occipital  crest  as  forming  the  posterior  extremity  of  the 
skull. 

6.  The  vertical  parietal  walls,  the  deeply  notched  orbital  pro- 
cesses, and  the  bulging  out  of  the  zygomatic  arches  (not  repre- 
sented in  the  figure)  in  an  extraordinary  degree,  as  compared  with 
the  European  skull. 

Many  of  these  characteristics,  which  are  not  conspicuous  in  a 
well-developed  European  skull,  indicate  an  approach  towards 
the  lower  animals  of  the  anthropoid  type ;  but  still,  between  the 
lowest  form  of  the  one  and  the  highest  form  of  the  otherj  there 
is  a  broad  chasm  which  cannot  be  spanned  by  intermediate  grada- 
tions. 

The  measurements  of- this  skull  will  be  given  in  a  tabulated 
form.  In  its  general  outline  it  is  Orthocephalic.  In  brain  capacity 
it  is  about  that  of  the  Borreby  skull  of  Denmark,  —  figured  by 
Huxley, — which  is  referred  to  the  Stone  Age;  a  time  just  suc- 
ceeding the  last  great  physical  changes  in  Europe,  and  when  Man 
was  the  .contemporary  of  the  Urus  and  Bison,  but  not  of  the  Hairy 
Elephant  and  Rhinoceros.  This  Danish  skull,  with  the  exception 
of  the  famous  Neanderthal  skull,  is  of  the  lowest  confonnation 
yet  observed  in  Europe ;  and,  when  compared  with  the  Stimpson 
skull,  there  will  be  found  a  striking  parallelism  in  their  general 
outlines,  —  the  latter  rising  a  little  higher  at  the  vertex,  and  re- 
ceding a  little  in  the  region  of  the  superciliary  ridges,  and  at  the 
base  in  the  line  of  d/.    While  other  Danish  skulls  of  the  Stone 
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Age  exhibit  a  higher  development,  other  mound-builders'  skulls, 
as  I  shall  show,  are  more  depressed. 

The  "Kennicott  Mound"  yielded  three  frontal  bones,— the  only 
parts  of  the  skeleton  capable  of  preservation,  —  which  were  also 
indicative  of  a  low  type.  In  two  instances  there  was  a  rapid 
narrowing  in  the  temporal  region ;  the  plates  were  extraordinarily 
thick;  the  superciliary  ridges  were  massive,  standing  out  like 
ropes;  the  orbital  processes  were  profoundly  notched;  and  the 
frontal  bone  was  much  prolonged  towards  the  coronal  suture. 
Fig.  2,  reduced  one-half,  represents  one  of  these  bones.  No  one, 
I  think,  can  view  this  fragment  of  a  skull,  with  the  superciliary 


Fig.  2.  — Frontal  portion  of  a  skull  from  "  Eennicott's  Mound/*  near  Chicago. 

a  a  Soperdliary  ridges. 
6  Coronal  suture. 

ridges  projecting  far  beyond  the  general  contour,  both  laterally 
and  in  front,  and  the  low,  flat  forehead,  with  its  thick,  bony  walls, 
without  coming  to  the  conclusion  that  its  possessor  was  a  ferocious 
brute.  The  prize-flghter  of  this  day  might  envy  such  a  frontis- 
piece, adapted  to  withstand  any  amount  of  ponmielling,  or  almost 
even  to  turn  a  musket-ball. 

The  Haas's  Park  mounds  yielded  two  crania,  which  were  too 
imperfect  to  give  all  the  salient  points.  One  is  represented  by  a 
part  of  the  frontal  and  paiietal  bones,  and  is  characterized  by  the 
almost  entire  absence  of  a  forehead.    The  nasal  bones  are  pro- 
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longed  from  the  point  of  union  with  the  frontal  bones,  like  the 
beak  of  a  bird,  or  the  superior  jaw  of  a  gar-pike.  The  bony 
plates  are  of  almost  pasteboard  thinness ;  the  orbital  rings  are 
sharp  and  delicate ;  the  sutures  are  imperfeotlj  joined ;  and  there 
is  an  absence  of  frontal  sinuses,  which  are  supposed  to  be  formed 
only  after  puberty, — so  that  the  skull  evidently  belonged  to  a 
young  person. 

This  is,  undoubtedly,  the  most  remarkable  skull  hitherto  ob- 
served, affording  the  nearest  approximation  to  the  anthropoid 
forms.  It  is  so  far  anomalous  that  I  shall  hereafter  omit  to  com- 
pare it  with  existing  types.    Granting  all  of  the  effects  of  pressure. 


Fig.  8  =  i.  —  Child's  skull,  fh>m  Haas's  Park. 

a  Glabella. 

6  Coronal  suture. 

V  Vertex. 

whether  artificially  applied  or  the  result  of  superincumbent  earth 
after  burial,  still  it  is  difficult  to  bring  it  within  the  reasonable 
bounds  of  conjecture  as  to  our  ideas  of  the  conformation  of  what 
a  human  cranium,  in  its  widest  deviation  from  a  supposed  type, 
ought  to  be. 

There  was  another  skull,  fragmentary  in  character,  having  about 
the  same  contour  as  that  from  the  ^  Stimpson  Mound,''  which  I 
have  not  deemed  it  necessary  to  figure.* 

*  That  portion  of  this  paper  descriptiTe  of  the  mound-buHders'  skulls  found 
in  the  valley  of  the  Des  Plaines,  and  the  seneraliaation  as  to  the  former  exist 
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n.   Fbom  the  Mounds  in  the  Region  of  Mebom,  Indiana. 

For  the  skulls  recovered  in  the  exploration  of  these  mounds  I 
am  indebted  to  Dr.  H.  F.  Harper,  of  that  place,  who  very  kindly 
placed  them  in  my  possession. 

This  skull  has  about  the  same  brain  capacity  as  that  from  Stimp- 
son's  Mound  (Fig.  1),  rising  a  little  higher  in  the  vertical  region, 


Fig.  4  =  i.  —  Profile  view  of  a  moiuid-biulder's  skull,  from  Merom,  Indiana. 

and  bulging  out  at  the  frontal  eminences  and  supra-orbital  ridges. 
It  is  a  good  illustration  of  what  I  regard  as  typical  of  the  mound- 
builder's  skull,  —  the  Gothic  arch  outline;  the  very  considerable 

ence  on  this  Continent  of  an  anomalous  race,  characterized  bj  a  Femarkablj 
depressed  forehead,  was  submitted  by  me  to  the  Chicago  Academy  of  Sciences, 
in  the  winter  of  1869-70 ;  and  the  subsequent  discoreries  which  hare  been  made 
but  confirm  me  in  the  yiews  originally  entertained  as  to  the  low  type  of  the 
mound-builders'  skulls.  The  speciinens  unfortunately  perish^  in  thp  grpa^ 
fire  of  October  8, 1871. 

A.  A.  A.  S.   VOL.  XXI.  30 
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space  between  the  occipital  crest  and  foramen  magnum;  the 
approach  in  the  squamosal  suture  to  a  horizontal  line;  and  the 
great  development  of  the  occipital  crest,  forming  the  extreme 
posterior  part-  The  back  view  shows  the  pyramidal  form,  caused 
by  the  flattening  of  the  parietal  plates ;  and  the  zygomatic  arches, 
as  seen  in  the  vertical  view  (not  represented),  sweep  out  beyond 
the  general  contour. 

In  Figure  5,  the  frontal  eminences  are  more  conspicuous ;  the 
superciliary  ridges  are  less  developed;  the  space  between  the 


Fig.  6  =  }.  —Profile  of  mound-builder's  skull,  from  Merom,  Indiaiuu 

foramen  magnum  and  occipital  crest  is  less ;  but  still  the  latter 
point  forms  the  posterior  extremity,  and  the  squamosal  suture 
approaches  a  straight  line. 

If  we  regard  a  high  forehead  as  the  index  of  mental  power,  —  a 
feature  which  is  due  to  the  retreat  of  the  facial  bones,  and  therefore 
indicating  a  divergence  in  the  development  in  these  parts  from  the 
corresponding  parts  in  the  lower  animals,  —  we  have  in  Pig.  6, 
ap  example  intellectuaUy  above  those  previously  described.     The 
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facial  angle  is  less  aonte,  and  the  brain  capacity  is  greater ;  but 
Btill,  in  these  respects,  this  skull  falls  far  below  that  of  the  average 
Teuton. 

Fig.  6  differs  from  the  preceding  illustrations,  being  of  a  less 
elongated  form,  but  has  other  characteristics  which  link  it  to 
the  race  of  mound-builders,  such  as  the  wide  interval  between 
the  points  df^  and  its  podterior  occipito-extremity.  The  frontal 
sinuses  are  inconspicuous ;  and  there  is  a  deficiency  of  develop- 
ment, judged    by  the  European    standard,  in  the  frontal  and 


Fig.  6  =  i-  —  Profile  of  a  mound-builder's  skull,  from  Merom,  Indiana. 

paidetal  regions.  That  it  belonged  to  a  mature  individual  is  in- 
ferred from  the  fact  that  the  coronal  suture  is  nearly  obliterated. 
The  parietal  walls  are  flattened,  and  the  vault  is  pyramidal.  The 
left  lobe  of  the  cerebrum  is  unduly  developed,  as  will  be  seen  by 
reference  to  the  vertical  view  (Fig.  14),  but  not  more  so  than  is 
to  be  seen  in  European  skulls  at  this  day. 

In  Fig.  7,  representing  the  fragmentary  portion  of  a  skull,  ex- 
tending from  the  posterior  mar^n  of  the  foramen  magnum  to  the 
coronal  suture,  we  have  a  lower  development  than  in  the  famous 
Borreby  skull  from  Denmark. 
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In  the  posterior  view  (Fig.  8),  it  will  be  seen  that  there  is  an 
extra  suture  just  above  the  occipital  ridge,  c  1,  giving  origin  to 
what  anatomists  call  the  Oasa  Wormensia.  This  peculiiuity  I 
observe  in  the  skull  of  a  Flathead  now  before  me,  and  traces  of 
the  former  existence  of  such  a  suture  I  detect  in  many  of  the 
mound-builders'  skulls  which  I  have  ^figured.  While  this  Wormian 
bone  is  not  uncommon  in  European  skulls,  it  is  an  interesting 
inquiry  whether  it  is  not  of  more  frequent  occurrence  in  the  lower 
races  of  mankind. 


Fig.  7  =  i.  —Fragment  of  a  monnd-builder'i  skull,  from  Merom,  Indiana.* 

The  above  profile  views  of  four  skulls  from  this  region  have 
certsdn  points  of  resemblance  among  themselves,  and  also  as  com- 
pared with  those  which  I  have  already  described. 

When  my  attention  was  first  directed  to  these  low  forms,  I 
tried  to  argue  that  they  were  the  result  of  artificial  pressure,  or 
that,  in  their  long  entombment,  they  had  become  warped  and  dis- 
torted.   Had  I  seen  but  a  single  specimen,  I  might  have  said  that 

*  The  dotted  line  represents  the  contonr  of  the  Neanderthal  skoU. 
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it  was  anomalous,  that  it  belonged  to  an  idiot ;  but  when  I  find 
the  same  typical  characters  pervading  the  crania  from  widely 
separated  points,  and  that  in  their  outlines  they  are  symmetrical, 
I  am  led  to  the  irresistible  condnsion  that  these  characters  are 
congenital.* 


Fig.  8  =:  i.  —  Posterior  view  of  the  same,  showing  the  "Ossa  Wormensia." 

In  the  exploration  of  the  mounds  in  the  valley  of  the  Kankakee, 
near  Laporte,  Indiana,  by  a  party  of  which  Dr.  Higday  formed 
one,  a  single  cranium  only  was  taken  out  entire,  which  he  regards 
in  some  respects  as  remarkable. 

"  Anteriorly,"  he  remarks,  **  this  skull  is  not  only  very  low,  but 

*  I  haye  but  a  single  specimen — from  Merom  —  which  clearly  shows  the 
e^cts  of  artificial  pressure.  It  is  a  large  skull,  and  a  flattened  plane  occupies 
the  space  between  the  occipital  crest  and  the  vertex.  The  surface  for  the 
muscular  attachments,  unlike  most  of  the  other  specimens,  is  very  much  rough- 
ened. Whether  this  flattening  resulted  accidentally  from  strapping  to  the  cradle- 
board  in  infancy,  or  from  pressure  deliberately  applied,  I  am  not  prepared  to 
say ;  perhaps  the  latter.  In  this  case  the  flattening  is  in  the  occipital  region, 
and  therefore  entirely  difi*erent  flrom  the  usage  which  prevails  among  the  Flat- 
heads  of  the  North-west  Coast.  This  flattening  has  given  an  undue  expansion 
to  the  parietals,  amounting  to  a  deformity. 
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also  extremely  narrow ;  while  posteriorly  the  space  of  the  cere- 
bellum is  very  much  depressed  and  small,  the  occipital  bone  being 
flattened  from  its  base  upwards  and  forwards,  so  as  to  encroach 
greatly  on  the  space  which  in  well-developed  skulls  is  occupied 
by  the  posterior  lobes  of  tlie  cerebrum.  The  extremely  deficient 
development,  which  can  be  much  better  appreciated  by  an  exami- 
nation than  by  a  description,  explains  the  possibility  of  a  skull 
having  at  once  diameters  of  such  respectable  length  and  capacity, 
and  yet  being  so  extremely  small  (sixty  inches).  That  this  skull 
is  that  of  an  adult,  is  evident  from  the  parietal  consolidation  of 
some  of  its  sutures ;  and  that  it  is  not  a  dwarf  or  an  idiot,  we  must 
infer  from  its  possessor  having  had  the  honor  of  a  mound  being 
built  over  his  remains."  ♦ 


III.    Fbom  the  Mounds  in  the  Region  of  Dubuque,  Iowa. 

The  mounds  in  this  vicinity  are  by  no  means  conspicuous  in 
size,  and  are  destitute  of  those  long  lines  of  circumvallation  which 
so  often  invest  those  of  the  Ohio  Valley. 

During  the  present  session  of  the  American  Association  for  the 
Advancement  of  Science  (1872),  at  this  place,  several  of  these 
mounds  have  been  opened,  and  have  yielded  the  remains  of  human 
skeletons  far  gone  in  decomposition.  Three  skulls  were  secured 
sufficiently  preserved  to  afford  a  correct  idea  of  their  contours,  one 
of  which  passed  into  the  possession  of  Mr.  Oliver  N.  Ryan,  of 
Marshall  Hall,  Maryland,  and  two  were  secured  by  Mr.  F.  W. 
Putnam,  of  the  "American  Naturalist."  Mt*.  Ryan  has  kindly 
furnished  me  the  data  for  describing  the  skuU  in  his  possession. 
It  was  exhumed  by  Dr.  Augustus  Campbell,  of  Dubuque,  firom  a 
mound  about  twelve  feet  high,  at  Diunleith,  Illinois,  opposite  that 
city.  The  corpse  was  buried  about  two  feet  below  the  surface, 
and  was  covered  with  wood  and  stone.  Appended  is  a  figure 
of  this  skull,  which  is  one  of  the  most  anomalous  ever  found. 

Although  this  skull  is  firagmentary,  sufficient  remains  to  enable 
us  to  protract  its  general  outlines.  In  brain  capacity  it  is  as  low 
as  the  Neanderthal  skull ;  and  that  it  belonged  to  a  mature  in- 
dividual is  inferred  fi-om  the  fact  that  all  the  sutures  are  closed. 
It  differs  from  the  Neanderthal  skull  in  this:  that  while  in  the 
fonner  there  is  a  prodigious  development  of  the  superciliary  ridges, 

*  Proceedings  Chicago  Academy  of  Sciences,  1870. 
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such  as  have  never  before  been  observed  in  a  human  cranium,  in 
the  latter  they  are  not  unduly  prominent.  It  has  a  marked  resem- 
blance in  its  contour  to  that  from  Haas's  Park,  near  Chicago  (Fig. 
8),  but  is  a  little  more  depressed  in  the  frontal  region.  The 
nasal  bones,  as  in  that  specimen,  form  a  bird-like  appendage,  though 
not  quite  so  conspicuously  marked. 

The  Neanderthal  skull,  it  need  hardly  be  observed,  affords  the 
nearest  approach  hitherto  observed  to  the  confines  of  that  gulf 
-which  separates  man  from  the  anthropoid  types.* 


"Fig.  9  =  i.  —  Fragment  of  a  mound-bailder^s  skoll,  from  Dunleith,  Illinois.t 

*  As  this  paper  is  passing  through  the  press  I  acknowledge  the  receipt  of 
photographs  of  .two  characteristic  mound-builders'  skulls,  preserved  at  Milwau- 
kee, with  a  descriptiye  note,  from  my  valued  friend  Dr.  Lapham.  This  testi- 
mony as  to  the  former  existence  of  an  anomalous  race  by  so  cool  and  accurate 
an  observer  as  Dr.  L.,  I  regard  the  more  valuable,  since  he  was  inclined  to 
believe,  in  his  "  Antiquities  of  Wisconsin,"  that  the  mounds  were  heaped  up  by 
the  ancestors  of  the  Redman. 

"  Two  skulls  of  the  ancient  mound-builders,  preserved  at  Milwaukee,  possess 
characteristics  confirming  the  views  lately  advanced  by  you,  first  at  the  Meeting 
of  the  American  Association  for  the  Advancement  of  Science,  at  Dubuque, 
1872,  and  again  in  the  '  American  Naturalist '  for  December.  One  of  these 
skulls,  from  a  mound  at  Wauwatasa,  has  a  breadth  of  seventy -eight  per  cent  of 

t  The  dotted  line  represents  the  outline  of  the  Neanderthal  skull. 
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In  a  review  of  this  nature  courtesy  requires  that  I  recognise 
the  labors  of  my  predecessors ;  and  I  must  say  that,  with  a  single 
exception,  in  the  figures  heretofore  given  of  mound-builders'  skulls 
I  Ml  to  recognize  the  typical  characters.  Squier  and  Davis,  in 
their  admirable  work,  profess  to  have  collected  but  one  skull  which 
they  regarded  as  authentic  of  the  mound-builders,  but  any  com- 
parative anatomist,  on  referring  to  their  plate,  will  instantly  recog- 
nize it  as  of  the  Indian  type. 

Dr.  Morton  justly  describes  it  as  "perhaps  the  most  admirably 
formed  head  of  the  American  race  hitherto  discovered.  It  pos- 
sesses the  national  characteristics  in  perfection,  as  seen  in  the 
elevated  vertex,  flattened  occiput,  great  interparietal  diameter, 
ponderous  bony  structure,  salient  nose,  large  jaws,  and  broad 
face."  ♦ 

Comparing  this  skull  with  those  which  I  have  figured,  it  will  be 
seen  that  the  Scioto  skull  difiTers  widely  fi*om  the  true  mound- 
builder's  skull  in  its  most  characteristic  features. 

Morton  gives  figures  of  two  supposed  mound-builders'  skulls, 
one  of  which  was  furnished  by  the  late  Dr.  Troost  from  a  mound 

its  length,  and  would  be  ranked  as  Orthocephalic,  or  regularly  fonned  bead.  It  is 
so  much  flattened  behind  as  to  suggest  tlie  possibilitj  of  artificial  compression 
when  young.  The  other  skull  has  a  breadth  of  only  seventy  per  cent  of  its 
length,  and  therefore  ranks  as  a  Dolicocephalie,  or  long-head.-  The  peculiar 
characteristics,  indicating  a  low  grade  of  humanity  common  to  both,  are  a  low 
forehead,  prominent  superciliary  ridges,  the  zygomatic  arches  swelling  out  be- 
yond the  walls  of  the  skull,  and  especially  the  prominence  of  the  occipital  ridge. 
The  anterior  portion  of  these  skulls,  besides  being  low,  is  much  narrowed, 
giving  the  outline,  as  seen  from  above,  of  an  ovate  form. 

"  It  seems  quite  probable  that  men  with  skulls  of  this  low  g^de  were  tbe 
most  ancient  upon  this  Continent ;  that  they  were  the  first  to  heap  up  those 
oariously  shaped  mounds  of  earth  which  now  so  much  puzzle  the  antiquaiy ; 
that  tliey  were  gradually  superseded  and  crowded  out  by  a  superior  race,  who 
adopting  many  of  their  customs  continued  to  build  mounds,  and  to  buiy  their 
dead  in  mounds  already  built.  Hence  we  find  mound-builders  with  skulls  of 
this  ancient  form  associated  with  others  of  more  modem  type. 

"  The  discovery  of  these  skulls  with  characteristics  so  much  like  those  of  tbe 
most  ancient  of  pre-historic  types  of  Europe  would  seem  to  indicate  that  if 
America  was  peopled  by  emigration  from  the  Old  World,  that  event  must  have 
taken  place  at  a  very  early  time,  —  &r  back  of  any  of  which  we  have  any 
record."  —  Private  Correspondence. 

I  regret  that  I  cannot  give  figures  of  these  skulls,  but  hope  to  be  able  to 
do  so  hereafter. 

*  Morton,  Crania  Americana,  p.  220,  pi.  zxxix. 
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near  the  junction  of  the  Broad,  French,  and  Holstein  Rivers  in 
Tennessee,  represented  in  Figure  10. 

This  skull  is  remarkable  for  its  great  vertical  and  parietal  diam- 
eter and  its  elevated  occiput,  characters  which  do  not  belong  to 


Fig.  10  =  i.  —  Sappoied  motmd-bnilder'i  iknll  from  Tennessee. 

the  skulls  which  I  have  described.  The  following  are  the  measure- 
ments: longitudinal  diameter,  6.6  inches;  parietal,  5.6;  frontal, 
4.1;  vertical,  5.6;  internal  capacity,  87.5  cubic  inches.     The  left 


Fig.  11  =s  ^.  —  Supposed  mound-boilder's  tknll  from  the  Upper  Afississippi. 

portion  of  the  middle  lobe  of  the  brain-case  is  distorted,  which 
may  have  resulted  from  the  individual,  in  infancy,  having  been 
strapped  to  a  cradle-board. 

A.  ▲.  A.  8.  VOL.  zxi.  31 
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The  second  example,  given  by  Morton,*  ia  of  a  aknll  from  a 
mound  on  the  upper  Mississippi,  one  hundred  and  fifty  miles  above 
the  mouth  of  the  Missouri,  represented  in  Fig.  11. 

The  skull  from  the  Grave  Creek  Mound,  West  Virginia,  figuxed 
by  Morton  and  reproduced  in  Schoolcraft's  work,  is  of  the  Indian 
type. 

Lapham,  in  his  '^  Antiquities  of  Wisconsin,"  has  figured  a  skull 
fix)m  a  mound,  which  has  some  of  the  characteristics  of  the  Flat- 
head. 

CUuHJkation  of  SktdU. 

In  the .  classification  of  skulls,  comprehending  the  relation  of 
breadth  to  length,  those  which  are  less  than  seventy-three  to  one 


Fig.  12.  Fig.  18. 

Vertical  yiews  of  moimd-builden'  ikalii,  finom  Mer^,  Indiana. 

hundred  are  called  long,  or  Dolicoc^halic ;  those  whose  propor- 
tions are  less  than  seventy-four  and  seventy-nine  to  one  hundred 
are  medium,  or  Orthocephdlic  ;  and  those  whose  proportions  reach 
eighty  and  eighty-nine  to  one  hundred  are  JBrachycephalic,  The 
mound-builders'  skulls  which  I  have  examined  differ  on  the  one 
hand  from  the  Indian  type,  which  is  BradtycephdliCy  and  from  the 
Teutonic,  on  the  other,  which  is  Dolicocephalic.  They  are  inter- 
mediate, or  Orthocephalic^  as  will  be  apparent  from  the  above 
figures,  reduced  to  one-fourth  the  natural  size. 
.  Fig.  12  is  a  vertical  view  of  the  skull  represented  in  Fig.  4,  and 
Fig.  18  of  that  represented  in  Fig.  5.    The  vertical  view  repre- 

*  Ibidem,  p.  229,  pi.  ri. 
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sented  in  Fig.  14  is  the  skull  represented  in  Fig.  6.  The  latter 
approaches  the  short-head  form ;  and  while  the  corresponding  walls 
are  not  symmetrical,  there  is  nothing  to  indicate  artificial  distor- 
tion. In  Figs.  12  and  13  the  relation  of  breadth  to  length  is 
about  seventy-three  to  one  hundred,  and  in  Fig.  14  it  reaches 
seventy-four  to  one  hundred.  This  ellipsoidal  form,  or,  in  other 
words,  this  deviation  from  the  great  interparietal  diameter,  which 
is  characteristic  of  the  Indian  type,  and  which  gives  to  the  savage 
his  ferocious  and  untamable  character,  is  a  broad  distinction  which 
cannot  be  overlooked.  From  these  examples  of  a  want  of  con- 
formity in  craniological  development,  apart  from  other  evidences. 


Fig.  14.  — Ftom  Merom,  Indiana. 

I  think  we  are  justified  in  drawing  the  conclusion  that  the  mound- 
builders  were  not  the  ancestors  of  the  North  American  Indians. 

The  question  arises,  whether  this  singular  conformation  of  skull 
is  congenital,  or  the  result  of  lurtificial  pressure.  We  know  that 
the  Flatheads  and  Chenooks  of  the  Columbia  River  indulge  in 
this  usage  at  the  present  day,  and  there  is  reason  to  believe  that 
other  tribes  did  formerly.  But  with  regard  to  the  mound-builders' 
skulls,  it  may  be  said  that,  while  the  volume  of  the  brain  is  small, 
the  brain-case  is  as  symmetrical  as  that  of  the  European.  Where 
artificial  pressure  is  resorted  to,  as  pointed  out  by  Morton,  the 
brain  in  volume  is  not  diminished,  but  is  extraordinarily  developed 
in  those  parts  of  the  case  where  the  pressure  is  not  applied,  and 
hence  we  have  the  most  grotesque  distortions.  The  course  of 
every  bandage  is  marked  by  a  corresponding  cavity  in  the  bony 
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Btrnctore.    This  is  illustrated  in  the  following  figore,  the  original 
of  which  was  furnished  me  by  Dr.*  W.  H.  Boyd. 

The  distortion  of  this  skull,  as  seen  in  the  profile,  is  enormous; 
but  in  the  vertical  view,  not  given,  it  is  still  more  exaggerated, 
the  left  parietal  wall  bulging  out  like  a  great  tumor.  There  were 
apparently  two  bandages  applied  to  effect  this  distortion,  —  one 
across  the  frontal  bone,  just  above  the  superciliary  ridges,  and  one 
just  back  of  the  coronal  suture. 


F!g.  16  =  ^.  —  Skull  of  a  Flathead,  in  the  Museum  of  the  Chicago 
Medical  College. 

Distinctive  C/iaractera. 

The  skulls  which  I  have  described  possess  peculiarities  which 
ally  them  more  nearly  with  the  Mongolian  race  than  with  the 
Negro  or  European.  They  belong  in  one  respect  to  what  Dr. 
Prichard  calls  the  Pyramidal  type^  but  in  other  respects  they 
present  characters  which  are  9ui  generis.  The  pyramidal  form, 
seen  in  cross  section,  arises  .from  the  peculiar  conformation  of 
the  malar  bones,  giving  an  outward  sweep  to  the  zygomatic 
arches. 

I  append  a  synopsis  of  what  I  regard  as  the  distinctive  charac- 
ters of  the  mound-builder's  skull,  selecting  for  the  purpose  the  one 
represented  by  Fig.  4,  which  belongs  to  neither  the  lowest  nor 
the  highest  forms ;  and  that  the  reader  may  compare  these  pecu- 
liarities with  those  of  the  idiot,  as  given  by  Humphry,  I  shall,  as 
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&r  as  convenient,  follow  his  order  of  description.*  It  is  to  be 
regretted  that  in  all  my  specimens,  with  a  single  exception,  the 
facial  bones  arb  wanting. 

In  examining  this- sknll  in  its  general  ontlines  the  observer  is 
Btmck  by  the  scantiness  of  brain  capacity,  seen  in  the  narrow  fore- 
head, the  receding  frontal  bone,  and  a  similar  recession  in  the 
region  of  the  lambdoidal  suture,  which  give  to  the  vertex  an 
undue  prominence,  and  to  tUfo  longitudinal  arc  an  outline  approach- 
ing in  form  a  Gothic  arch. 

That  portion  of  the  occipital  bone  behind  the  foramen  "magnum, 
instead  of  being  continued  in  a  nearly  straight  line,  as  seen  in  the 
European  skull,  curves  up  to  the  occipital  crest  The  occipital 
condyles  are  small,  and  ^  the.  basilar  portion  of  the  occipital  bone 
ascends  with  unusual  obliquity  from  them."  "  The  foramen  mag- 
num and  the  other  foramina  for  nerves  at  the  base  are  compara- 
tively large ;  the  foramina  for  vessels,  as  well  as  the  grooves  for 
the  sinuses,  are,  on  the  other  hand,  comparatively  small."  The 
post-glenoid  process,  as  in  the  Negro,  is  strongly  marked;  the 
occipital  crest  is  highly  ridged,  and  arched  convexly  like  the 
figure  ^-v.-^,  and  the  point  where  these  arches  intersect  forms 

*  "  The  skull  of  the  idiot,"  sajs  Humphry,  "  presenU  in  manj  reBpecU  an 
approximation  to  the  skull  of  the  lower  animals,  especially  that  of  the  ape,  in 
the  following  particulars  :  the  facial  hones  are  proportionately  large ;  the  hrain 
case  is  contracted  in  every  direction,  more  particularly  in  front  and  ahore, 
causing  lowness  and  narrowness  of  the  forehead,  hut  also  behind  and  below ;  the 
space  behind  the  foramen  magnum  is  small,  and  the  bone  slopes  obliquely 
upward  from  it  to  the  occipital  crest ;  the  foramen  itself  partakes  somewhat  of 
this  slant ;  the  occipital  condyles  are  small  and  pretematurally  convex,  and  the 
basilar  portion  of  the  occipital  bone  ascends  with  unusual  oBliquity  from  them ; 
the  temporal  fosss  are  deep;  the  temporal  ridge  is  well  marked  and  ascends  to 
a  comparatively  high  level,  and  this,  together  with  the  flattening  of  the  parietal 
bones,  and  the  prominence  of  their  sagittal  portion,  constitutes  an  approxima- 
tion to  a  '  sagittal  crest.'  The  line  of  union  of  the  temporal  with  the  parietal 
bones  is  straighter  than  usual,  and  the  post-glenoid  process  is  rather  more 
marked.  The  frontal  bone  projects  fiir  backward,  in  the  situation  of  the  anterior 
fontanelle  between  the  parietals;  the  posterior  and  middle  cerebral  fossae  are  ^ 
shallow.  .  .  .  The  foramen  magnum  and  the  other  foramina  for  nerves  are 
comparatively  large ;  the  foramina  for  vessels,  as  well  as  the  grooves  for  the 
sinuses  are,  on  the  other  hand,  comparatively  small.  The  cranial  bones  are 
generally  thick,  and  the  sutures  early  obliterated. 

"  The  orbits  are  comparatively  large,  their  anterior  outlines  are  oblique,  and 
the  superciliary  ridges  prominent  and  project  beyond  the  general  width  of  the 
cranium." — A  Treatise  on  the  Human  Skeleton,  by  G.  W.  Humphry,  Lecturer  on 
8urgery,  in  the  Cambridge,  Enc^d,  University  Medical  School,  p.  288. 
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the  eztreodity  of  the  skull;  the  temporal  fosss  are  deep,  and  the 
temporal  ridge  is  prominent ;  the  apex  is  about  midway  between 
the  coronal  and  lambdoidal  suture ;  the  parietal  plates,  instead  of 
swelling  into  a  rounded  outline,  are  flattened-;  the  suture  connect- 
ing the  squamous  bones  with  the  parietal  is  less  convex  than  in  the 
European,  and  in  this  respect  approaches  that  of  the  chimpanzee 
and  the  lower  animals,  in  whom  it  is  nearly  straight ;  the  super^ 
ciliary  ridges  are  strongly  marked,  and  project  beyond  the  general 
contour  of  the  brain-case;  and  the  glabella  forms  the  extreme 
point  of  the  anterior  portion  of  the  skull.  The  orbits,  where 
bounded  by  the  superciliary  ridges  and  the  nasal  septum,  owing 
to  the  deep  supra-orbital  notch,  are  of  a  quadrangular  shape ;  the 
frontal  eminences  are  very  slight,  which  makes  the  superciliary 
ridges  more  conspicuous  and  tlie  forehead  more  retreating ;  and 
the  zygomatic  arches  swell  out  beyond  the  parietal  walla,  which 
in  the  European  skull  so  far  overhang  as  to  conceal  them  in  the 
vertical  view.  From  this  point  of  observation  it  may  be  said  that 
all  the  exterior  prominences  are  visible, — the  occipital  protuber- 
ance, the  zygomatic  arches,  and  the  superciliary  ridges. 

The  frontal  bone  is  of  great  strength,  and  slopes  backward,  en- 
croaching on  the  parietals,  and  giving  origin  to  a  low  forehead. 

In  the  lower  animals  this  bone  becomes  nearly  horizontal,  and  is 
placed  behind  the  eyes.  ^  In  proportion,**  says  Humphry,  ^  as  the 
cranial  portion  slopes  backward,  so  do  its  facial  buttresses — the 
nasal  and  angular  processes  —  slant  forwards;  and  in  proportion 
as  the  brain  is  well  developed,  and  the  cranial  part  of  the  bone  is 
upright,  so  are  the  facial  processes  directed  perpendicularly  down- 
wards. In  the  lower  animals,  for  instance,  they  grow  directly 
forwards,  in  the  lower  races  of  mankind  they  grow  downwards 
and  forwards,  and  in  the  best  formed  human  skulls  they  grow 
almost  vertically  downwards." 

Such  are  the  characters  which  seem  to  predominate  in  the 
mound-builders'  skulls,  —  characters  which  distinguish  them  from 
the  Negro  on  one  hand  and  the  Teuton  on  the  other.  Individual 
*  variations  occur,  as  might  be  expected,  for  we  are  not  to  suppose 
that  all  have  been  cast  in  a  single  mould.  All  the  spedmens  indi- 
cate a  low  intellectual  organization,  little  removed  from  that  of 
the  idiot. 

On  comparing  the  figure  with  a  European  skull,  these  anatom- 
ical traits  will  be  apparent  by  contrast,  particularly  the  increased 
development  of  the  frontal  and  parietal  regions,  the  outward 
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curving  of  the  ocdpnt,  the  horizontality  of  the  line  between  the 
occipital  ridge  and  the  foramen  mi^am,  and  the  convexity  of  the 
sqaamosal  suture.  . 

It  is  the  preponderance  of  the  brain-case  over  the  facial  portion 
of  the  head,  that  gives  to  man  his  superiority  as  compared  with  the 
lower  animals ;  and  we  estimate  the  intellectual  force  and  capacity 
for  improvement  in  the  several  races  of  men  by  the  same  standard. 
The  skull,  in  size  and  outline,  has  a  general  conformity  to  the 
enclosed  brain ;  the  bony  walls  take  their  shape  from  the  nervous 
tissue,  as  the  shell  of  the  oyster  is  shaped  to  accommodate  its 
living  tenant.  The  brain  is  undoubtedly  the  seat  of  mental  activ- 
ity;  and,  without  indorsing  phrenology  in  all  its  details,  we  may 
affirm  that  a  particular  form  of  skull  is  indicative  of  particular 
traits  of  character.  We  place  the  seat  of  the  intellectual  faculties 
in  the  anterior  lobe ;  of  the  propensities  which  link  us  to  the 
brute,  in  the  middle  lobe ;  and  of  those  which  appertain  to  the 
social  affections,  in  the  posterior  lobe.  The  predominance  of  any 
one  of  these  divisions  in  a  people  would  stamp  them  as  either 
eminently  intellectual,  or  eminently  cruel,  or  eminently  sociaL 

The  mound-builders,  assuming  these  skulls  to  be  typical,  were 
doubtless  neither  eminent  for  great  virtues  nor  great  vices,  but 
were  a  mild,  inoffensive  race,  who  would  fall  an  easy  prey  to  a 
crafty  and  cruel  foe.  Under  the  guidance  of  a  superior  mind,  we 
can  imagine  that  they  would  be  content  to  toil,  without  weighing 
deliberately  the  nature  or  amount  of  the  reward.  Like  the  Chinese, 
they  could  probably  imitate,  but  not  invent ;  and,  secure  from  the 
irruption  of  enemies,  they  would  in  time  develop  a  rude  civiliza- 
tion. 

The  Indian  possesses  a  conformation  of  skull  which  clearly  sep- 
arates him  from  the  pre-historio  mound-builder,  and  such  a  con* 
formation  must  give  rise  to  different  mental  traits.  His  brain,  as 
compared  with  the  European,  according  to  Gteorge  Combe,  differs 
widely  in  the  proportions  of  the  different  parts.  The  anterior  lobe 
is  small,  the  middle  lobe  is  large,  and  the  central  convolutions  on 
the  anterior  lobe  and  upper  surface  are  smalL  The  brain-case  is 
box-like,  with  the  comers  rounded  off;  the  occiput  extends  up 
vertically ;  the  frontal  ridge  is  prominent ;  the  cerebral  vault  is 
pyramidal;  the  interparietal  diameter  is  great;  the  superciliary 
ridges  and  zygomatic  arches  sweep  out  beyond  the  general  line 
of  the  skull;  the  orbits  are  quadrangular;  the  forehead  is  low; 
the  cheek-bones  high ;  and  the  jaws  prognathous.    His  character, 
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since  first  known  to  the  white  man,  has  been  signalized  by  treachery 
and  cruelty.  He  repels  all  efforts  to  raise  him  from  his  degraded 
position;  and  whilst  he  has  not  the  moral  nature  to  adopt  the 
yirtues  of  dvilization,  his  brutal  instincts  lead  him  to  welcome  its 
vices.  He  was  never  known  voluntarily  to  engage  in  .an  enter- 
prise requiring  methodical  labor;  he  dwells  in  temporary  and 
movable  habitations ;  he  follows  the  game  in  their  migrations ;  he 
imposes  the  drudgery  of  life  upon  his  squaw ;  he  takes  no  heed 
for  the  future.  To  suppose  that  such  a  race  threw  up  the  strong 
lines  of  circumvallation  and  the  S3rmmetrical  mounds  which  crown 
BO  many  of  our  river-terraces,  is  as  preposterous,  almost,  as  to 
suppose  that  they  built  the  pyramids  of  Egypt. 

Was  there  an  AtUochthonoue  Itace  having  this  form  of  SkuUf 

In  the  results  of  archsBological  explorations  at  other  points  on 
this  hemisphere,  we  have  evidence  of  the  existence  of  nations 
whose  skulls  had  many  of  the  distinctive  features  which  appertain 
to  those  of  the  mound-builder. 

Dr.  Lund,  a  distinguished  Swedish  naturalist,  many  years  ago, 
in  the  bone  caves  of  Minas  Greraes,  Brasdl,  found  the  remains  of 
men  associated  with  those  of  extinct  quadrupeds  under  circum- 
stances which  led  him  to  believe  that  the  whole  were  contempo- 
raneous. In  his  communication  to  the  Geographical  and  Historical 
Society  of  Brazil,  an  abstract  of  which  was  forwarded  to  Dr.  Mor- 
ton by  Lieutenant  Strain,  he  says:  — 

The  question  then  arisefl,  Who  are  these  people  P  Of  what  race,  and 
what  their  intellectual  perfections?  The  answers  to  these  questions  are, 
happily,  less  difficult  and  doubtful.  He  examined  various  crania,  in  order 
to  determine  the  place  they  ought  to  occupy  in  anthropology.  The  narrow- 
ness of  the  forehead,  the  prominence  of  the  zygomatic  bones,  the  maxiUarjr 
and  orbital  conformation,  all  assign  to  these  crania  a  place  among  the 
characterifitics  of  the  American  race,  and  it  is  known  that  the  race  which 
approximates  nearest  this  is  the  Mongolian ;  and  the  most  distinctive  and 
salient  character  by  which  we  distinguish  between  them  is  the  greater  de- 
pression of  the  forehead  in  the  former.  In  this  point  of  organization,  these 
ancient  crania  show  not  only  the  peculiarity  of  the  American  race,  but  this 
peculiarity,  in  many  instances,  is  in  excessive  degree,  eoea  to  the  entire  <2tf- 
appearance  of  the  forehead. 

We  know  that  the  human  figures  found  sculptured  on  the  ancient  monu- 
ments of  Mexico,  represent,  for  the  greater  part,  a  singular  conformation 
of  head,  being  without  forehead,  the  crania  retreating  backward  immediately 
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aboTe  the  superciliary  arch.  This  anomaly,  which  is  generally  ascribed  to 
an  artificial  disfiguration  of  the  head  or  taste  of  the  artist,  now  admits  of  a 
more  natural  explanation,  it  being  proved  by  these  authentic  documents 
that  there  really  existed  in  this  country  a  race  exhibiting  this  anomalous 
conformation.  The  skeletons,  which  were  of  both  sexes,  were  of  the  ordi- 
nary height,  although  two  of  them  were  above  the  common  stature.  These 
heads,  ac<5ording  to  the  received  opinion  in  craniology,  could  not  have  occu- 
pied a  high  position  intellectually.* 

Upon  the  altar-tablets  and  bas-reliefs  of  Copan  and  IJxmal,  in 
Central  America,  as  reproduced  by  Catherwood,  we  have  this 
type  of  skull  delineated  by  artists  who  had  the  skill  to  portray  the 
features  of  their  race.  These  artists  would  not  select  the  most 
holy  of  places  as  the  groundwork  for  their  caricatures.  This  form^ 
then,  pertained  to  the  most  exalted  personages. 

Humboldt  and  Bonpland  were  the  first  to  draw  attention  to  this 
remarkable  configuration  of  skulL  The  former,  as  far  back  as 
1808,  thus  stated:— 

This  extraordinary  flatness  is  found  among  nations  to  whom  the  means 
of  producing  artificial  deformity  are  totally  unknown;  as  is  proved  by 
the  crania  of  Mexican  Indians,  Peruvians,  and  Atures,  brought  over  by  M . 
Bonpland  and  myself,  of  which  several  were  deposited  in  the  Museum  of 
Natural  History  of  Faris.f 

Mr.  Pentland  supposed  this  conformation  to  be  congenital,  and 
states  that  this  view  was  confirmed  by  Cuvier,  Gall,  and  many 
celebrated  anatomists.  Tiedemann's  expressions  are :  "^  A  careful 
examination  of  these  skulls  has  convinced  me  that  their  peculiar 
shape  cannot  he  owing  to  artificial  pressure.  The  great  elonga- 
tion of  the  face  and  the  direction  of  the  plane  of  the  occipital 
bone  are  not  to  be  reconciled  with  this  opinion,  and  therefore  wc 
must  conclude  that  the  peculiarity  of  shape  depends  on  a  natural 
conformation."  Knox  says :  ^'  The  form  of  the  head  I  speak  of  is 
peculiar  to  the  race;  it  may  be  exaggerated  somewhat  by  such 
means  (pressure),  but  cannot  be  so  produced." 

Sir  Robert  Schomburgk  found,  on  some  of  the  affluents  of  the 
Orinoco,  a  tribe  known  as  the  Frog  Indians,  whose  heads  were 
flattened  by  nature.  A  child  was  bom  while  he  was  with  them, 
which  he  saw  an  hour  after  its  birth,  that  had  aU  the  character- 

*  Journal  Academy  of  Natural  Sciences,  Philadelphia,  1844. 
t  Political  Essays,  vol.  i.  p.  159. 
A.  A.  A.  S.   VOL.  XXI.  32 
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istics  of  the  mother's  tribe ;  "  and  the  flatness  of  its  head,  as  com- 
pared with  the  heads  of  other  tribes,  was  remarkable."  * 

Rivero  and  Tsehudi,  whose  researches  in  South  America  com- 
mand confidence,  believe  that  the  artificial  disfigurement  of  the 
skull,  which  prevailed  among  the  Incar-Peruvians,  owed  its  origin 
to  the  prior  existence  of  an  autochthonous  race,  having  this  pecu- 
liarity ;  and  they  further  state  that  it  is  seen  in  the  foetus  of  Peru- 
vian mummies. 

Retzius,  contrary  to  the  opinion  of  Morton,  has  shown  that  the 
ancient  Peruvians  and  the  Huanchas  of  Tsehudi  were  Dolico- 
cephali  (although  he  regards  their  skulls  as  much  disfigured  by 
artificial  compression) ;  while  the  Aztecs  belonged  to  the  JSrachf/- 
cephali.  He  has  further  shown  that  this  practice  of  artificial 
deformation,  instead  of  being  confined  to  this  continent,  was  in 
vogue  among  some  of  the  Oriental  nations,  among  the  Swiss  Lake- 
dwellers,  and  that  it  still  exists  in  France,  f 

Upon  the  question  whether  this  peculiarity,  if  the  result  in  the 
first  instance  of  artificial  pressure  and  persisted  in  for  generations, 
would  become  congenital,  the  following  authorities  may  be  cited. 
^'  In  all  changes  which  are  produced  in  the  bodies  of  animals  by 
the  action  of  external  causes,  the  effect  terminates  in  the  indi- 
vidual; the  offspring  is  not  in  the  slightest  degree  modified  by 
them."  t 

"  Nothing,"  says  Dr.  Prichard,  "  seems  to  hold  true  more  gen- 
erally, than  that  all  acquired  conditions  of  body,  whether  produced 
by  art  or  accident,  end  with  the  life  of  the  individual." 

Darwin  would  probably  account  for  this  peculiarity  on  the 
ground  of  Sexual  Selection.  § 

These  authorities  would  indicate  that  there  was  a  conformity  in 
the  craniology  of  the  earlier  races  on  this  hemisphere,  embracing 
the  primeval  people  of  Brazil,  the  Huanchas  of  Peru,  the  Plat- 
form-builders of  Mexico,  and  the  Mound-builders  of  the  Mississippi 
VaUey. 

The  Peruvian  skull,  as  compared  with  the  Indian,  is  deficient  in 
capacity,  being,  according  to  Morton^  no  greater  than  that  of  the 

*  Journal  Royal  Geographical  Society,  zt.  pp.  63-64. 

t  Betziufl,  In  relation  to  the  Form  of  the  Homan  Skull,  passim* 

X  Lawrence,  Lectures,  &c.,  p.  486.  For  the  compilation  of  many  of  these 
authorities,  I  am  indebted  to  Mr.  S.  F.  Haven,  "  Archeology  of  the  United 
States"  (Smithsonian  Contributions). 

§  Descent  of  Man,  chap.  riii. 
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Hottentot  or  New  Hollander.  In  measuring  155  crania  of  the 
former,  they  gave  but  seventy-five  cubic  inches  for  the  bulk  of 
the  brain,  while  the  Teutonic  crania  gave  ninety-two  inches.  The 
average  between  the  Peruvian  and  Indian  is  nine  inches  in  favor 
of  the  latter.* 

How  is  it,  then,  it  has  been  asked,  that  with  this  low  mental 
power,  these  Peruvians  should  have  been  able  to  construct  such 
stupendous  works,  and  develop  a  very  considerable  civilization, 
while  the  Indian,  with  far  greater  volume  of  brain,  exhibits  such 
slight  constructive  power,  and  has  resisted  all  attempts  to  elevate 
his  condition  ?  Mr.  J.  S.  Phillips  has  attempted  to  answer  this 
question :  — 

The  intellectual  lobe  of  the  brain  of  these  people,  if  not  borne  down  by 
sach  overpowering  animal  propensities  and  passions,  would  doubtless  have 
been  capable  of  much  greater  efforts  than  any  with  which  we  are  acquainted, 
and  have  enabled  these  barbaric  tribes  to  make  some  progress  in  civiliza- 
tion. .  .  .  The  intellectual  and  moral  qualities  of  the  Mexicans  and 
Peruvians  are  lefl  more  free  to  act,  not  being  so  subordinate  to  the  propen- 
sities and  violent  passions,  f 

Below,  I  give  the  contours  of  the  mQ3t  anomalous  skulls  referred 
to  in  this  paper,  reduced  to  a  uniform  scale  (Fig.  16). 

So  great  is  the  range  of  variation  in  the  crania  of  the  living 
tribes  of  men  that  it  is  unsafe  to  pronounce  upon  their  average 
capacity  except  from  an  examination  of  a  large. collection.  Thus 
far  but  few  authentic  mound-builders'  skulls  have  been  exhumed, 
and  they  indicate  that  that  race  must  have  ranked  intellectually 
below  the  lowest  types  of  Australia  and  New  Caledonia. 

Leaving  out  the  Engis  skull  which  shows  a  good  degree  of 
development,  it  may  be  said  that  the  earliest  types  of  man  are 
inferior,  as  indicated  by  the  Neanderthal  skull,  as  well  as  by  those 
recovered  from  the  Danish  and  British  tumuli,  to  say  nothing  of 
the  strange  human  jaw  found  by  Dupont  in  Belgium,  which  ap- 
proaches those  of  the  anthropomorphous  apes,  and  another  jaw  of 
analogous  traits  found  by  the  Marquis  de  Vibraye  in  France,  both 
of  which  are  supposed  to  be  referable  to  the  dawn  of  the  human 
period.  There  is  nothing  to  indicate  modem  degeneracy,  whether 
applied  to  the  intellectual  or  physical  capacity  of  the  Teutonic 
race.     So  far  from  it,  there  are  strong  grounds  for  believing  that 

*  Morton's  Crania  Americana. 

t  Appendix  to  Morton's  Physical  Type  of  the  American  Indian. 
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our  remote  ancestors  lived  in  brutal  barbarism,  with  modes  of 
thought  and  daily  pursuits  far  different  from  those  of  the  educated 
and  much-planning  man  of  to-day;  and  that,  through  a  state  of 
progression,  long  continued,  often  checked,  but  still  acquiring 
strength  to  advance,  a  portion  of  the  human  family  have  been 
able  to  attain  a  high  degree  of  civilization,  —  a  civilization  which 
implies  intellectual  culture  and  an  ability  to  render  the  foroes  of 
nature  subservient  to  human  wants  and  conveniences. 


Fig.  16.  —  ComparatdTe  size  of  different  skulls. 

A  Contour  of  European  skull. 

B        ,,  that  from  Stimpson's  Mound,  No.  1. 

C        ,f  that  of  the  Neanderthal  skull. 

D       „  that  from  the  Dunleith  Mound,  No.  9. 

E       „  the  Chimpanzee  skull. 

a  The  glabella. 

b  The  occipital  crest. 

That  the  investigator  may  comprehend  the  relative  rank  which 
the  mound-builder  occupied  in  what  I  may  call  the  scale  of  human- 
ity, I  give  the  following  table  of  measurements  of  the  crania  of 
the  superior  and  inferior  races  of  mankind,  as  they  exist  at  this 
day ;  those  from  the  United  States  being  taken  from  "  The  Military 
and  Anthropological  Statistics  of  the  War  of  the  Rebellion,"  pub- 
lished by  the  Sanitary  Commission,  under  the  editorship  of  Dr. 
B.  A.  Gould,  and  those  from  foreign  sources  being  reproduced  from 
Huxley :  — 
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Table  of  MsAsnitEMENTS. 


NoTS.  — Tf  the  hair  and  snip  w«re 
remo¥«df  th«  cireomfennee  would 
be  rednoed  from  one  to  one  .and 
one-half  Inehee. 


'1 


Dtatanoe  between  condyloid 
pr( 


If 


White  Soldiers 
Iroquois    .    . 
Moiattoes .    . 
Negroes    .    . 


22.18 
22.48 
22.00 
21.91 


11.81 
12.08 
12.84 
10.98 


18.81 
18.71 
14.11 
18.96 


11.82 
11.68 
12.24 
11.56 


14.48 
14.46 
18.66 
14.40 


In  the  following  table,  while  giving  the  measurements  of  English 
and  Australian  skulls,  as  well  as  of  those  known  as  the  Engis  and 
Neanderthal  skulls  belonging  to  a  pre-historic  race,  I  also  append, 
for  the  purpose  of  comparison,  the  measurements  of  the  true 
mound-builders'  skulls  described  in  this  paper:  — 


Table  or  Mbasueembiits. 


Natiokautt. 

A. 

B. 

C. 

D. 

1. 

f. 

English 

21. 

18.76 

12.60 

4.40 

7.87 

6.88 

Australian  (No.  1).    . 

20.60 

18. 

12. 

4.76 

7.50 

6.40 

(No.  2).    . 

22. 

12.50 

10.76 

8.80 

7.90 

6.76 

Engis,  Belgium ... 

20.50 

13.76 

12.60 

4.75 

7.76 

6.25 

Neanderthal,  Prussian 

Empire  .... 

28. 

12. 

10. 

8.76 

8. 

6.76 

Merom,  Indiana  (No.  4) 

20.60 

12.87 

11.26 

4. 

7.26 

6.60 

„       (No.  6) 

20.62 

12  87 

12. 

8.87 

7.87 

6.87 

„       (No.  6) 

19.60 

12.60 

11.62 

4.87 

6.62 

5.62 

„       (No.  7) 

21. 

18.60 

12.60 

4.12 

7.12 

6. 

Chicago,  Illinois  (No.  1) 

20.25 

12.60 

8.80 

7.60 

5.76 

Laporte,  Indiana    .    . 

18.50 

1060 

10.80 

8.80 

6.50 

6. 
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A.  The  horizontal  drcumference  in  the  plane  of  a  line  joining  the  glabella  with 

the  occipital  protuberance. 

B.  The  longitudinal  arc  from  the  nasal  depression  along  the  middle  line  of  the 

skull  to  the  occipital  tuberosity. 

C.  From  the  level  of  the  glabello-occipital  line  on  each  side,  across  the  middle 

of  the  sagittal  suture  to  the  same  point  on  the  opposite  side. 

D.  The  vertical  height  from  the  glabello-oodpital  line. 

E.  The  extreme  longitudinal  measurement. 

F.  The  extreme  transverse  measurement. 

NoTB.  —  Professor  Jeffreys  Wjman,  Curator  of  the  Peabody  Museum  of 
American  Archsology,  in  his  "Fourth  Annual  Report"  (IBTl),  which  has 
&llen  under  my  notice  since  the  text  of  this  paper  has  been  prepared,  thus 
speaks  of  the  collection  of  Mound-crania  from  Kentucky,  made  by  the  late 
S.  S.  Lyon,  under  the  joint  patronage  of  that  Museum  and  the  Smithsonian 
Institution :  — 

"  A  comparison  of  these  crania  with  those  of  the  other  and  later  Indians 
shows  that  they  have  certain  marked  peculiarities,  though  these  are  better 
appreciated  when  the  two  kinds  are  placed  side  by  side,  than  fr^m  any  tables 
of  measurement  or  verbal  descriptions. 

''  The  twenty-four  crania  measured  show  a  inean  capacity  of  1,313  centimes, 
which  is  greater  than  that  of  the  Peruvians,  but  less  than  that  of  the  North 
American  Indians  generally  (viz.,  1,876  c.  c,  or  84  cubic  inches).  They  difier, 
also,  from  those  of  the  ordinary  Indians  in  being  lighter,  less  massive,  and  in 
having  the  rough  surface  on  the  muscular  attachments  less  strongly  marked. 
The  top  of  the  head  shows  a  moderately  angular  or  roof-shaped  arrangement  of 
the  parietal  bones,  and  the  sides  are  vertical.  In  proportions,  they  present  very 
considerable  variations  amongst  themselves.  Assuming  the  length  of  the  skulls 
to  be  1.000,  the  breadth  ranges  from  0.712  to  0.950,of  the  length.  The  average 
proportion  is  0.867,  which  places  them  in  the  short-headed  g^oup.  This  result 
is  influenced,  but  not  to  any  great  extent,  by  the  fact  that  the  crania  have  been 
somewhat  distorted  by  a  flattening  of  the  occiput.  In  the  migority,  this  flatten- 
ing is  very  slight,  and  is  indicated  by  a  nearly  pUne  surface  just  above  the  pro- 
tuberance, and  which  would  not  materially  diminish  the  length  of  the  skuU. 
The  position  of  the  foramen  magnum  is  quite  far  back.  We  have  shown  else- 
where that  in  the  North  American  Indians  generally  it  is  further  back  than  in 
the  Negro  and  other  races  with  which  they  have  been  compared.  In  the  Mound- 
crania  the  distance  of  the  anterior  edge  of  the  foramen  magnum  from  the  occi- 
put is  only  0.872  the  long  diameter  of  the  skull.  This  position  can  be  only 
partially  due  to  distortion,  since  in  three  skulls,  in  which  the  foramen  was 
farthest  back,  the  occiput  was  not  in  the  least  flattened." 

The  flattening  of  the  tibiae  has  been  found  to  prevail  among  the  skeletons 
belonging  to  the  pre-historic  nations  of  the  Old  World,  presenting  in  this  respect 
a  resemblance  to  the  corresponding  bones  of  the  ape.  Dr.  Wyman  recognizes 
this  peculiarity  in  a  large  series  of  bones  obtained  from  the  mounds  of  Kentucky, 
Tennessee,  and  Michigan,  and  from  the  shell-heaps  of  Florida.  He,  however, 
remarks  that  *'  this  can  hardly  be  considered  a  race  character,  since  it  is  found 
in  only  about  one-third  of  all  the  individuals  observed."  (Fourth  Annual 
Report,  pp.  21,  22.) 
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I)r.  tH.  F.  Harper  recognized  the  same  peculiarity  in  the  skeletons  recovered 
from  the  mounds  of  Merom,  Indiana.  He  remarks  :  **  I  have  six  tibiae  in  my 
possession  which  were  taken  from  a  mound,  besides  the  fragments  sent  yon, 
which  were  the  most  flattened  of  any.  By  measurement,  all  have  a  transverse 
diameter  of  from  ten  to  fifty  per  cent  less  than  the  antero-posterior,  while  the 
extremities  are  enlarged  transversely,  as  in  our  race.  Two  of  the  six  are 
shorter  and  heavier  than  the  others,  and  are  curved  anteriorly  and  full  half  an 
inch  or  more  out  of  line.  These  two  have  also  a  transverse  diameter  almost 
equal  to  the  antero-posterior  one." — Private  Memoranda. 
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THE  DUBUQUE  MEETING,  1872. 


HISTORY   OF   THE   MEETING. 

Ths  Twenty-first  Meeting  of  the  American  Association  for  the 
Advancement  of  Science  was  held  at  Dubuque,  Iowa,  commencing 
on  Wednesday,  August  15,  and  continuing  to  Tuesday  eyening, 
August  21. 

One  hundred  and  sixty-four  names  are  registered  in  the  book 
by  members  who  attended  this  meeting.  One  hundred  and  twelve 
new  members  were  chosen,  of  whom  ninety-two  have  already  signi- 
fied their  acceptance  by  paying  the  entrance-fee  and  annual  assess- 
ment, and,  when  p;racticable,  signing  the  constitution.  One  hundred 
and  one  papers  were  presented,  most  of  which  were  read,  and  some 
of  them  discussed  at  length. 

The  general  sessions  of  the  Association  were  held  in  the  Con- 
gregational Church.  Section  B  met  in  this  Church,  and  Section 
A  in  the  Universalist  Church.  The  Standing  Committee  and 
Permanent  Secretary  found  ample  accommodation  in  the  Fa9ade 
Building. 

At  about  ten  o'clock,  a.m,,  on  Wednesday,  the  members  were 
called  to  order  by  the  President,  Dr.  J.  Lawrence  Smith,  who  made 
a  few  appropriate  remarks,  and  then  invited  the  Rev.  £.  K  Young 
to  ask  the  Divine  guidance  and  blessing  upon  the  meeting.  The 
Association  proceeded  n^t  to  complete  the  organization  of  the 
meeting,  by  choosing  the  additional  members  of  the  Standing 
Committee,  agreeably  to  the  provision  in  the  constitution.  Then 
the  AsePociation  adjourned,  to  meet  in  sections;  Section  B  remaining 
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in  the  place  of  general  meeting,  and  Section  A  assembling  in  the 
TJniversalist  Church.  After  each  section  had  been  organized  by 
the  election  of  Chairman,  Secretary,  and  Sectional  Committee,  it 
proceeded  at  once  to  the  reading  of  papers. 

At  eight  o'clock  in  the  evening  there  was  a  formal  reception  of 
the  Association  by  the  Local  Committee.  H.  T.  Woodman,  Esq., 
Chairman  of  the  Local  Committee,  called  the  meeting  to  order, 
and  announced  that  Hon.  W.  B.  Allison,  United  States  Senator 
elect,  would  welcome  their  distinguished  guests  to  the  City  of 
Dubuque.    Senator  Allison  then  made  the  following  address :  — 

Mb.  Pkesident,  Gentlemen  and  Ladies,  Mbkbbbs  of  thb 
Amebican   Association   fob    thb    Adyancbment    of 

SCIENGE  :  — 

The  Committee  having  the  arrangements  in  chaige  have  as- 
signed to  me  the  pleasing  duty  of  welcoming  you  to  oar  city, 
and  extending  to  *you  the  hospitalities  of  its  citizens. 

Since  the  announcement  of  your  coming  was  first  made,  all  our 
people  have  looked  forward  to  the  occasion  as  an  eventful  one  in 
our  history. 

We  extend  to  you  this  cordial  greeting  and  sincere  welcome, 
not  for  yourselves  alone,  but  because  you  are  the  distinguished 
representatives  of  the  best  thought  and  the  highest  culture  of  the 
age  in  which  we  live ;  because  you  are  of  that  army  of  toilers 
who  have  done  so  much  to  advance  the  material  interests  of  oar 
country,  and  to  accelerate  its  march  among  the  civilized  nations 
and  peoples  of  the  earth.  It  has  been  your  mission,  and  the  mis- 
sion of  such  as  you,  to  change  old  customs  and  habits;  to  unsettle 
old  opinions,  theories,  and  beliefs ;  to  destroy  ancient  follies,  prej- 
udices, and  superstitions ;  to  inform  and  improve  everywhere ;  to 
direct  inquiry,  study,  and  investigation  into  all  things;  to  advance 
every  nation  and  every  people  to  a  higher  plane  of  thought  and 
action. 

Under  our  system  of  government  no  shackles  or  fetters  are 
placed  upon  your  investigations :  the  great  truth  is  recognized  that 
the  State  has  no  concern  with  the  opinions  of  men.  Here  Science, 
with  her  bold,  inquisitive  spirit,  has  efilkblished  her  right  to  inves- 
tigate all  subjects  after  her  own  fashion  and  according  to  her  own 
method;  has  enthroned  herself  in  our  schools  of  learning,  colleges, 
and  universities,  and  is  working  her  way  steadfastly  and  firmly 
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into  our  common-school  system.  And  our  own  countrymen,  thus 
guided,  are  entitled  to  their  ftdl  share  of  the  honors  of  discovery, 
invention,  and  iml&ovement. 

We  cannot  show  you  here,  in  our  young  North- West,  old  tem- 
ples or  ancient  works  of  art,  the  accumulation  of  centuries  of 
civilization;  nor  even  the  magnificence  to  he  found  in  older  por- 
tions of  our  own  country.  But  we  have  an  intelligent,  economical, 
and  industrious  population,  huilding  and  adorning  as  their  means 
accumulate,  and  accumulating  with  an  energy  and  rapidity  unknown 
in  older  communities. 

They  all  hid  you  welcome  to  our  city  and  to  the  hospitality  of 
their  homes. 

Though  we  are  comparatively  young  as  a  State,  Nature  here  as 
elsewhere  is  old ;  and,  as  you  delight  in  its  study,  you  will  fin^ 
many  interesting  subjects  of  inquiry  and  contemplation,  whether 
it  be  among  the  crevices  of  our  rocks,  the  rocks  themselves,  or 
among  the  fugitive  boulders  that  have  floated  to  us  from  distant 
regions,  or  among  our  extensive  coal-fields,  or  over  the  broad  ex- 
panse of  the  prairies  that  extend  far  away  to  the  west  of  us,  covered 
with  indigenous  plants  and  flowers,  t—  each  and  all  will  be  to  you 
subjects  of  interest.  Arrangements  have  been  made  for  excursions 
and  trips  into  the  interior  to  enable  you  to  conduct  these  observa- 
tions and  studies. 

We  look  to  you  and  your  associates  to  encourage  and  aid  us,  in 
the  future,  in  making  our  young  State  a  great  commonwealth  for 
the  happy  abode  of  millions  of  Christian  men  and  women,  working 
as  you  work,  though  in  varied  channels,  for  the  continued  growth 
and  advancement  of  our  race. 

You  come  among  us  strangers.  We  hope  to  treat  you  as  friends, 
and  that  your  stay  may  be  pleasant  and  profitable  to  yourselves,  as 
I  am  sure  it  will  be  to  us.  And  I  trust  that  when  we  part  it  will 
be  with  mutual  pleasant  recollections. 

Professor  Asa  Gray,  the  retiring  President  of  the  Association, 
bowed  to  the  honorable  speaker  when  he  had  finished,  and  relin- 
quished to  his  successor.  Professor  J.  Lawrence  Smith,  the  privilege 
of  replying,  which  he  did,  as  follows :  — 

It  is  with  pleasure  that  I  return  to  the  citizens  of  Dubuque, 
through  you,  the  thanks  of  the  American  Association  for  the  Ad- 
vancement of  Science  for  the  cordial  invitation  to  hold  our  meeting 
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here  this  year,  and  for  the  still  more  cordial  greeting  that  we  have 
received*  since  coming  into  your  city.  Yet  it  was  nothing  but 
what  we  expected ;  for  while  the  march  of  empire  is  westward, 
hospitality  and  all  its  sister  virtues  tread  with  steady  step  in  the 
front  ranks  of  that  march.  In  the  vestibules  of  the  houses  of  old 
Rome,  it  was  common  to  inscribe  upon  the  floor  "  Salve,"  and  I  be- 
hold in  the  countenances  of  all  the  people  of  Dubuque,  man,  woman, 
and  child,  the  same  word,  "  Welcome." 

In  a  community  where  we  have  never  been  before,  it  may  be 
well  to  say  a  word  or  two  in  relation  to  the  objects  and  Mms  of 
this  Association,  which  are  not  fully  understood  by  the  public.  The 
object  of  this  Association  is  to  search  for  truth,  and  thereby  to 
elevate  and  to  improve  mankind,  which  is  the  end  of  all  truth, 
whether  religious,  moral,  or  scientific ;  and  the  members  of  this 
Association  are  active  toilers  in  the  pursuit  of  it,  piling  up  truth 
upon  truth  in  the  erection  of  that  great  temple  of  science,  whose 
author  and  finisher  is  God,  and  whose  cap-stone  will  not  be  laid 
until  the  end  of  time.  We  are  in  one  sense  like  those  who  toiled 
upon  the  temple  of  Solomon,  some  fashioning  the  stone,  others 
shaping  timber,  yet  others  making  the  metals,  but  no  one  knowing 
the  ultimate  uses  to  which  the  several  parts  are  to  be  applied,  until 
the  architect  puts  them  in  their  respective  places.  Then  the  beauty 
and  harmony  of  design  become  apparent  to  even  the  most  untu- 
tored eye.  As  it  took  many  different  craftsmen  to  erect  the  temple 
of  Solomon,  so  it  requires  many  different  scientists  to  perfect  the 
various  parts  of  their  temple,  each  intent  upon  his  particular  work 
without  any  inquiry  as  to  how  or  where  it  is  to  be  placed ;  the 
astronomer,  chemist,  geologist,  &c.,  working  in  separate  spheres, 
but  recognizing  the  mutual  dependence  of  one  on  the  other.  This 
Association  is  looked  upon  by  many  who  come  to  the  meetings  as 
intended  to  furnish,  in  some  shape,  popular  lectures.  So  far  from 
this  being  the  case,  the  various  subjects  brought  forward  and  dis- 
cussed are  of  the  most  technical  character,  understood  by  onljf  a 
few  of  the  members  of  the  Association.  And  it  is  too  often  asked 
in*  these  cases  of  what  use  is  all  this  or  that?  To  such  I  can 
reply  in  the  words  of  Coleridge,  "  What  is  the  use  of  a  new-bom 
child?" 

As  we  look  for  the  use  of  the  new-bom  child  in  its  development 
into  a  full-grown,  vigorous  man  or  woman,  so  do  we  look  at  any 
new-born  fact  that  has  no  immediate  application.  Out  of  the 
development  of  this  fact  may,  possibly,  spring  some  great  and 
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importaat  application  that  may  revolntionize  the  whole  face  of 
society. 

When  I  arrived  ia.  the  city  I  took  up  one  of  yonr  city  news- 
papers, and  read  that  workmen  were  putting  np  poles  and  wires 
along  one  of  the  alleys.  What,  I  might  have  asked,  was  the  use  of 
them  ?  Oh^  you  would  have  told  me,  it  was  that  the  proceedings 
of  the  Association  might  be  printed  the  same  day  in  New  York 
City;  or,  it  was  in  order,  if  need  be,  to  send  a  despatch  to  Calcutta 
to  ascertain  how  much  hotter  it  is  there  to-day  than  in  Dubuque. 
A  similar  answer  I  might  give  to  those  cui  bono  men ;  I  could  say 
to  them,  ^  Of  what  use  was  it  that  a  hundred  years  ago  an  Italian 
placed  the  legs  of  a  dead  frog  on  some  zinc  plates  ?  "  and  yet  out  of 
that  insignificant  scientific  fact  has  grown  a  system  of  communica^ 
tion  that  has  revolutionized  the  world,  and  saves  millions  of  lives 
every  year;  for  the  railroads  of  the  country  are  all  operated  by 
them.  This  shows  to  you  and  to  every  one.  that  no  man  should 
scorn  any  truth,  no  matter  how  apparently  small  it  may  be. 
^  Again,  gentlemen,  I  thank  you,  and  hand  you  over  to  the  re- 
tiring President,  who  will  enlighten  and  entertain  you  with,  I  have 
no  doubt,  a  Yeryflotoery  address. 

At  the  close  of  Dr.  Smith's  remarks,  Dr.  Gray  delivered  his 
address  (as  retiring  President),  which  is  printed  in  full  in  this 
volume. 

President  Oray  remarked,  in  conclusion,  that  the  only  duty  on 
his  part  remaining  undone  was  to  ask  the  Association  to  welcome 
the  President  elect,  Professor  J.  Lawrence  Smith,  of  Louisville,  to 
the  chair. 

President  Smith,  on  assuming  the  chair,  said :  — 

I  am  sensible  of  the  honor  conferred  upon  me  by  the  Association, 
and  particularly ,do  I  deem  it  an  honor  when  your  [to  Professor 
Gray]  mantle  fsdls  upon  my  shoulders.  In  1871  a  son  of  Massa^ 
chusetts  took  this  chair.  In  1872  a  son  of  South  Carolina  takes 
it.  It  is  not  the  first  time  that  a  son  of  South  Carolina  and  a  son 
of  Massachusetts  have  been  shoulder  to  shoulder.  Qod  grant  that 
it  may  not  be  the  lastl 

During  this  meeting  of  the  Association,  the  Standing  Committee 
met  regularly  every  morning  at  nine  o'clock;  the  Association  con- 
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vened  at  ten  o'clock,  and,  after  the  transaction  of  general  business, 
it  adjourned  to  meet  immediately  in  Sections.  For  most  of  the 
time  two  Sections  (A  and  B)  were  found  suffi&ent,  but  on  one  day 
Sub-section  C  (Microscopy)  held  a  session  in  the  Fa9ade  Building. 
On  Thursday  evening,  August  16,  Professor  E.  S.  Morse  gave  a 
lecture  before  the  members  of  the  Association,  skilfully  illustrated 
on  the  blackboard ;  and  on  Saturday  evening,  August  18,  Colonel 
C.  G.  Forshey  read  his  paper  on  the  ^'  Physics  of  the  Mississippi 
River."  These  general  meetings,  as  well  as  those  of  the  sections, 
were  largely  attended  by  the  citizens  of  Dubuque,  who  took  great 
interest  in  the  meeting.  The  working  members  of  the  Association 
have  always  been  reluctant  to  encroach  upon  the  short  time  allotted 
to  the  annual  meeting,  by  making  excursions  even  of  a  partly 
scientific  character,  especially  as  many  were  of  such  a  character 
as  would  only  interest  a  portion  of  them.  On  this  account  expe- 
ditions were  made,  this  year,  to  localities  in  the  neighborhood,  by 
those  especially  interested,  without  interrupting  the  sessions  of  the 
sections.  Some  took  a  trip,  by  invitation  of  Mr.  Woodman,  to 
the  Indian  mounds  in  the  vicinity  of  Eagle  Point.  Some  accepted 
the  invitation  of  Mr.  Graves,  President  of  the  Chicago,  Clinton,  and 
Dubuque  Railroad,  to  make  an  excursion  in  the  direction  of  Belle- 
vue,  and  enjoy  the  opportunity  afforded  for  seeing  the  river  beach, 
the  overhanging  bluf&,  and  the  geological  structure  of  the  country. 
Others,  again,  visited  Griswold  &  Co.'s  Mine,  entered  the  Spar 
Cave,  and  saw  the  furnace  of  Brunskill  and  Coates  in  operation. 

On  Monday  evening,  August  20,  the  members  of  the  Association, 
and  the  ladies  who  accompanied  them,  were  handsomely  enter- 
tained by  the  ladies  of  Dubuque,  at  the  Lorimier  House.  The 
whole  of  Tuesday,  August  21,  was  devoted  to  a  general  excursion 
to  McGregor,  arranged  by  President  Graves  of  the  River  Railroad. 
Most  of  the  members  of  the  Association,  with  their  ladies,  and  in 
company  with  many  gentlemen  and  ladies  of  Dubuque,  in  all  to  the 
number  of  three  hundred,  joined  in  this  pleasant  Jrip.  The  com- 
pany travelled  by  railroad  as  far  as  the  Pictured  Rocks,  where  they 
alighted  to  make  an  examination  of  these  geological  curiosities, 
of  which  they  received  explanations  firom  Professor  A.  H.  Winchell 
and  Dr.  A.  C.  White.  The  remainder  of  the  journey  to  McGregor 
was  made  by  the  way  of  the  river,  in  two  steamers,  united  together 
by  cables.  The  boats  first  went  a  mile  down  the  river,  so  that  a 
view  might  be  obtained  of  the  wonderful  Lotua^  which  grows  here 
in  great  luxuriance,  some  of  the  leaves  being  almost  two  feet  in 
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diameter.  The  boats  then  steamed  up  the  river,  passing  Prairie 
da  Chien,  and  around  the  islands  near  McGregor,  making  a  land- 
ing, at  three  o'clock;  P.M.,  at  McGregor.  Here  the  members  were 
received  by  Mayor  Clark  and  escorted  to  Cambrian  Hall,  where  a 
boontifol  lunch  was  provided  for  them  by  the  ladies  of  McGregor. 
Ex-Governor  Merrill  was  introduced  by  tiie  Mayor,  who  said  a  few 
hearty  words  of  welcome,  and  then  called  upon  Rev.  W.  M.  Faw- 
cett  to  ask  the  Divine  blessing  upon  those  who  were  going  to 
partake  of  what  had  been  liberally  provided.  After  the  pains  of 
hunger  had  been  assuaged,  some  informal  speeches  were  made  by 
Dr.  J.  Lawrence  Smith,  Colonel  J.  W.  Foster,  Professor  Joseph 
Lovering,  Professor  E.  S.  Morse,  Professor  Asa  Gray,  Professor  Q. 
C.  Swallow,  and  Colonel  C.  G.  Forshey.  The  company  returned 
all  the  way  by  railroad  to  Dubuque,  where  they  arrived  at  six,  p.m., 
exceedingly  gratified  by  the  great  pleasures  of  the  occasion. 

The  Association  voted  to  hold  its  next  meeting  at  Portland, 
Maine,  beginning  Wednesday,  August  20,  1873.  The  officers 
elected  for  the  next  meeting  are:  — 

Professor  Joseph  Lovebikg,  of  Cambridge,  Mass.,  President; 
Professor  A.  H.  Woethkn,  of  Springfield,  El.,  Vice-FresiderU ; 
C.  A.  White,  Esq.,  of  Iowa  City,  Qenerai  Secretary ;  W.  S. 
Vaux,  Esq*,  of  Philadelphia,  Treasurer.  Professor  Joseph 
LovERDra  having  resigned  the  office  of  Permanent  Secretary, 
which  he  has  held  during  fourteen  sessions  of  the  Association, 
F.  W.  Putnam,  Esq.,  of  Salem,  was  elected  Pemncment  Secretary 
for  two  years,  commencing  with  the  next  meeting. 
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RESOLUTIONS  ADOPTED. 

WierecUy  It  has  come  to  our  knowledge  daring  this  meetmg  of 
the  Association,  that  the  work  of  the^  geological  survey  of  Iowa, 
so  well  and  ably  begun  and  conducted  by  Professor  Hall  and  Dr. 
White,  is  suspended ;  and, 

Whereas^  It  appears  from  what  has  been  done  and  published 
that  there  still  remain  unfinished  those  minute  and  detailed  ex- 
aminations which  are  so  necessary  to  render  the  work  complete 
and  most  useful  to  the  agricultural,  mining,  mechanical,  and  4x>m- 
mercial  interests  of  the  State ; 

Hesolvedy  That  in  4ihe  judgment  of  this  Association  the  interests 
of  the  great  State  of  Iowa  demand  the  completion  of  the  survey, 
under  the  direction  of  Dr.  White,  in  a  manner  and  style  commen- 
surate with  the  present  advanced  state  of  geological  science,  and 
the  material  progress  of  this  great  Commonwealth. 

Mesolvedy  That  a  committee  of  five  be  appointed  by  the  chur 
to  memorialize  the  Governor  and  Legislature  of  Iowa  with  the 
view  of  securing  this  result    . 

Whereas^  A  surplus  from  the  so-called  ^Chinese  Indemnity 
Fund  "  amounting  now,  as  is  believed,  to  about  $450,000,  remains 
in  possession  of  the  government  of  the  Ignited  States,  and  it  is 
the  opinion  of  competent  judges  that  thik' surplus  belongs  in  law 
and  equity  to  the  United  States ;  and, 

WJiereaSy  A  Bill  is  now  pending  in  Congress  which  proposes  to 
appropriate  this  surplus  for  the  education  of  Americans  and  Chinese 
in  the  languages,  literatures,  and  sciences  of  the  respective  nations, 
to  facilitate  commercial,  diplomatic,  and  scientific  intercourse  be- 
tween the  two  peoples,  and  for  the  increase  and  difiusion  of  knowl- 
edge among  men ; 

JResolvedy  That  the  American  Association  for  the  Advancement 
of  Science  heartily  indorses  the  purpose  of  the  aforesaid  Bill  to 
devote  to  the  uses  of  education  and  science  in  China  any  portion 
of  the  so-called  "  Chinese  Indemnity  Fund  "  which  may  equitably 
remain  in  the  possession  of  the  government  of  the  United  States. 
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Mesohedj  That  the  Standing  Committee  be  requested  to  inqtdre 
into  the  expediency  of  compiling  a  general  index  of  the  printed 
^Proceedings"  of  the  Association,  under  the  general  direction  of 
the  Permanent  Secretary,  to  be  published  for  the  use  of  the  mem- 
bers of  the  Association. 

Hesolvedy  That  the  Association  authorize  the  Permanent  Secre- 
tary to  print  250  copies  annually  of  the  Constitution,  By-Laws,  and 
List  of  Members,  to,  be  distributed  at  the  opening  of  each  meet- 
ing. 

Mesolvedy  That  the  Association  regrets  die  absence  of  a  signal 
station  at  Dubuque,  a  place  that  has  recognized  the  importance  of 
meteorological  observations,  and  has  kept  records  of  this  nature 
for  twenty  years ;  and  that  the  Association  respectfully  requests 
the  War  Department  to  establish  one  here  if  practicable. 

JSesolvedf  That  the  Standing  Committee  accept  the  resignation 
of  Professor  Joseph  Lovering  ajs  Permanent  .Secretary  of  this 
Association ;  and,  in  accepting  that  resignation,  do  direct  his  suc^ 
cessor  to  enter  upon  the  records  of  this  Association  the  expression 
of  our  thanks  for  the  courtesy,  ability,  and  untiring  industry  with 
which  he  has  discharged  the  duties  of  his  office  during  a  period  of 
fourteen  meetings. 
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VOTES   OF  THANKS. 

liesolvedj  That  the  hearty  thanks  of  this  Association  are  hereby 

tendered  to  the  citizens  of  Dubuque  for  the  generous  provision 

made  for  the  present  meeting,  and  for  the  unstinted  hospitidity 

with  which  they  have  welcomed  us  to  their  homes ;  and  to  the  ladies 

of  Dubuque  for  their  courteous  reception  of  th^  Association  at  the 

Lorimier  House. 

•     ♦ 

Hesolvedj  That  the  American  Association  is  most  of  all  indebted 
to  the  Local  Committee  for  the  success  of  the  Dubuque  meeting. 
In  their  energetic-  and  untiring  labors  and  generous  contributions 
we  recognize  a  noble  devotion  to  science,  and  a  chivalric  confidence 
in  the  ability  and  progress  of  the  central  region  of  the  Republic 
We  tender  them  our  hearty  thanks  in  the  name  of  American 
Science. 

Resolved^  That  the  thanks  of  the  Association  are  pre-eminently 
due  to  the  Trustees  of  the  Congregational  and  Universalist  Socie- 
ties of  Dubuque  for  their  kindness  in  allowing  us  their  church^ 
for  the  purposes  of  this  Association. 

Besolvedy  That  while  acknowledging  the  courtesy  and  valuable 
aid  of  the  members  of  the  Iowa  Institute  of  Arts  and  Sciences,  we 
would  also  recognize  the  energy  and  ability  shown  in  the  prepara- 
tion of  their  valuable  collection,  which  is  destined,  we  trust,  in 
time,  to  rival  the  museums  of  the  older  and  larger  cities.  In  part- 
ing with  the  kindly  and  cultivated  citizens  of  Dubuque,  we  hope  our 
visit  may  prove  to  have  stimulated  new  zeal  in  the  members  of  the 
Institute  in  their  scientific  labors.  And  be  it  further  resolved  that 
a  full  set  of  the  "Proceedings"  of  the  Association  be  presented 
to  the  Iowa  Institute  of  Arts  and  Sciences. 

JResdhedy  That  the  thanks  of  the  Association  be  ^yen  to  the 
Directors  of  the  Chicago,  Dubuque,  and  Minnesota  Railroad,  and 
to  its  President,  Mr.  J.  K  Graves,  for  their  liberality  in  providing 
transportation  for  the  members  on  the  excursion  of  to^ay.    Also, 
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to  Mr.  Lawler,  for  the  use  of  hk  steamboats  in  surveying  the  blnffi 
and  circumnavigating  the  islands  of  the  Mississippi ;  and  to  the 
ladies  of  McGregor  for  their  boontiM  entertainment,  prepared  by 
their  hahds  and  graced  by  their  presence. 

Resolved^  That  while  we  regret  our  inability  to  avail  Ourselves 
of  the  proffered  hospitality  of  the  citizens  of  Monticello,  Iowa,  of 
Independence,  Iowa,  and  of  the  farmers  of  Delaware  County,  Iowa, 
who  have  invited  us  to  participate  in  the  festivities  of  their  Har- 
vest Home  anniversary ;  and  while  we  are  compelled  to  deny  our- 
selves the  pleasure  we  would  have  doubtless  enjoyed,  we  return  the 
sincere  thanks  of  the  Association  to  our  good  friends  of  the  above- 
named  localities  who  have  so  kindly  remembered  us,  and  assure 
them  that  we  fully  appreciate  the  characteristic  spirit  of  generosity 
that  prompted  their  invitations. 

Mesolved^  That  the  thanks  of  the  Association  are  due  to  the 
Officers  of  the  Chicago,  Burlington,  and  Quincy  Railroad,  and  of 
the  Chicago,  Clinton,  and  Dubuque  Railroad,  and  of  the  Chicago, 
Dubuque,  and  Minnesota  Railroad,  for  the  courtesies  extended  to 
the  members  of  this  Association ;  and  especially  to  the  two  last, 
in  arranging  special  trains  for  their  accommodation,  without  ex- 
pense, to  visit  points  of  interest  in  the  vicinity  of  Dubuque. 

Hesolved^  That  the  Association  gratefully  acknowledges  the 
generous  offers  of  the  Union  Pacific  and  Central  Pacific  Railroad 
to  convey  the  members  over  their  roads  to  and  firom  San  Francisco 
at  greatly  reduced  fares.  Although  the  Association  was  prevented 
from  holding  this  session  on  the  shores  of  the  Pacific,  it  desires 
none  the  less  to  record  its  sense  of  the  liberality  which  rendered 
the  acceptance  of  the  invitation  from  Califomia  practicable. 

Hesolvedy  That  the  thanks  of  the  American  Association  for  the 
Advancement  of  Science  be  returned  to  the  Dubuque  Manneroho^ 
for  their  cordial  welcome. 

Besolvedj  That  the  thanks  of  the  Association  be  tendered  to 
the  Dubuque  Rowing  Club  for  their  liberal  expenditure  of  muscle 
in  behalf  of  the  Ichthyological  and  Entomological  part  of  Sec- 
tion B. 
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Mesolvedj  That  the  thanks  of  this  Association  are  hereby  ten- 
dered to  the  press  for  the  wide  and  fkyorable  notice  ^ven  of  the 
proceedings  of  this  meeting;  and  that  they  acknowledge  especial 
obligations  to  the  reportets  of  the  Dabuqae  Dailies,  of  the  ^Kew 
York  Tribune,"  the  "New  York  World,"  the  "Chicago  Tribnne," 
"Chicago  Evening  Post,**  the  Chicago  "Inter-Ocean,'*  and  the 
"  St.  Louis  Democrat,"  not  only  for  the  very  full  and  accurate  re- 
ports of  the  papers  and  discussions  of  the  Association,  but  also  for 
their  uniformly  courteous  and  friendly  criticisms. 

Beadlvedt  That  the  thanks  of  the  Association  be  presented  to 
the  retiring  Officers,  viz.,  the  President  and  Vice-President,  the 
Permanent  Secretary  and  General  Secretary,  for  the  very  able  and 
successful  manner  in  which  they  have  performed  the  duties  of 
their  several  offices. 
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REPORT  OP  THE  PERMANENT  SECRETARY. 

.  The  following  report  comprises  the  business  which  has  been 
done  for  the  Association  daring  the  interval  between  the  first  day 
of  the  Indianapolis  Meeting  (August  16, 1871),  and  the  first  day 
of  the  Dubuque  Meeting  (August  15, 1872). 

An  unusually  large  number  of  copies  of  the  Troy  and  Indianapolis 
volumes  of  "  Proceedings  "  has  been  distributed  to  members.  The 
list  of  Foreign  Academies  to  which  the  "  Proceedings "  are  sent 
is  increased  every  year.  The  Indianapolis  volume  was  ready  for  * 
distribution  on  the  first  day  of  the  present  month,  and  has  been 
sent  by  mail,  prepaid^  to  all  entitled  to  receive  it.  The  delay  in 
publication  proceeds,  partly  from  the  necessity  of  sending  proof- 
sheets  over  the  whole  country,  some  of  which  may  not  find  the 
authors  at  home ;  and  partly,  from  the  neglect  of  authors  to  furnish 
a  copy  of  their  papers,  at  an  early  date,  for  publication.  Many 
valuable  papers  are  not  sent  at  all,  and  some  arrive  too  late  even 
for  the  requirements  of  the  slowly  printed  volume. 

The  financial  condition  of  the  Association  is  as  follows :  — 

Between  August  16, 1871,  and  August  15, 1872,  the  income  of 
the  Association  was  twenty-four  hundred  and  eighty-three  dollars 
and  fifty  cents  ($2,483.50). 

Of  this  amount  sixty-four  dollars  and  fifty  cents  ($64.50)  accrued 
from  the  sale  of  the  printed  "Proceedings,"  and  the  remainder 
from  the  admission  fees  and  the  annual  assessments. 

The  expenses  of  the  Association,  during  the  same  interval, 
amounted  to  twenty-three  hundred  and  forty-one  dollars  and  sixty- 
four  cents  ($2,341.64),  which  may  be  apportioned  thus :  — 

Cost  of  paper,  printing,  and  binding  for  the  volume  of  Indian- 

.   apolis  "  Proceedings  " $1,527.06 

Charges  connected  with  the  Troy  Meeting 159.00 

Salary  of  tlie  Permanent  Secretary  (five  hundred  dollars)    .    .  500.00 

For  circulars,  postage,  stationery,  express,  &c 155.58 

The  particular  items  may  be  found  in  the  cash  account  of  the 
Secretary,  which  is  herewith  submitted  as  a  part  of  his  report. 
The  balance  in'  the  Treasury  of  the  Association,  August  16,  1871, 
is  seventeen  hundred  and  eighty-two  dollars  and  forty-six  cents 

($1,782.46). 

Joseph  Lovebing, 
Dubuque,  August  15,  1872.  Permanent  Secretary. 

A.  A,        S.   VOL.  XXI.  35 
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List  of  Europeah  Institutions  to  which   Copixs  of  Voi,im  XX.  or 

THB    PrOCEBDINOB    OF   THB  AMERlOiLN  ASSOCIATION  WBRB   DISTRIBUTED 

BY  THB  Permanbnt  Secrbtart  IN  1872. 

Stockholm^  — ^Eongliga  Svenska  Vetenfikaps  Akacdemien. 
Copenhagen^  —  Kongel.  danske  Vidensk.  Selskab. 
MoacoiOy  —  Soci6t6  Imp^riale  des  Natiiralistes. 
St  Petersburg^  —  Acad^mie  Imp6riale  des  Sciences. 
„  „  Kais.  Russ.  Mineralo^sche  Gesellschaft. 

„  „  Observatoire  Physique  Centrale  de  Russie. 

„  „  Jardin  Imperial  de  Botaniqae. 

PvUcowa^  —  Observatoire  Imp^riale. 
Amsterdam^  —  Academie  Royale  des  Sciences. 

„  Genootschap  Natura  Artis  Magistra. 

„  Zoological  Garden. 

Hdarleniy — HoUandsche  Maatschappij  der  Wettenschappen.* 

„  La  Society  Hollandaise  des  Sciences. 

Leyden^  —  Musee  d'Histoire  Naturelle. 

„  The  University  Library.f 

Utrecht^  —  Institut  Royal  M6t6orologique  des  Pays-Bas. 
Altenburg^  —  Naturforschende  Gesellschaft. 
JBerlin^  —  K.  P.  Akademie  der  Wissenschaften. 

„  Gesellschaft  ftlr  Erdkunde. 

Bonn^ — Naturhist.  Verein  der  Preussisch.  Rheinlandes,  &€• 
BriXnifi^  —  Niiturforschenden  Vereins. 

Dresden^  —  K.  L.  C.  Deutsche  Akademie  der  Naturforscher.* 
Franckfur%  —  Senckenbergische  Naturforschende  Gresejlschafl. 
Freiburg^  —  Kdniglich-Sachsische  Bergakademie. 
Gottingen^  —  Konigl.  Gesellschaft  der  Wissenschaften. 
Hamburg^  —  Naturwissenschaftlicher  Verein. 
Hannover^  —  Die  Naturhistorische  Gesellschaft. 
K^nigsbirg^  —  Konigliche-Physikalish  Okonomischen  GresellschafL 
ZfeipsiCj  —  Koniglich-Sfichsische  Gesellschaft  der  Wissenschaften. 
Munich,  —  K.  B.  Akademie  der  Wissenschaften. 
Posen,  —  Naturwissenschaftlicher  Verein.  t 
Prag,  —  K.  B5hm.  Gesellschaft  der  Wissenschaften. 
Stuttgart^  —  Verein  ftlr  VaterlandLsche  Naturkunde. 
VienncL^  —  K.  Akademie  der  Wissenschaften. 

„  EL  K.  Geographischen  Gesellschaft. 

„  GeologiBchen  Reichsanstalt. 

„  Osterreichische  Gesellschaft  ftlr  Meteorologie. 

»  Also  Vol.  u. 

t  Also  Vols,  xiii.,  xiv.,  xr.,  and  xvi. 

X  AJso  Vols.  X.,  xi.,  xii.,  xiii.,  xir.,  and  xri. 
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"Ftenna,  —  K.  K.  Zoologisch-Botanische  Gesellschaft. 

„  Verein  zur  Verbreitung  Naturwissensch.  Eentniflse. 

Basely — Natorforschende  Gesellschafl. 
Berriy  —  AUgemeine  Schweizerische  Gresellschafl. 

,9        Natarforschende  Gesellschaft. 
Geneve,  —  Soci^te  de  Physique  et  d'Histoire  Naturelle. 
Lausanne^ —  Soci^t^  Vaudoise  des  Sciences  Naturelles. 
Neuchatd^  —  Soci^t^  des  Sciences  Naturelles. 
Zurich^ — Naturforschende  Gesellschaft. 
JBruxeUes^ — Academic  Royale  des  Sciences,  &c. 
JLiigey  —  Soci^t^  Royale  des  Sciences. 
BordeauTi^  —  Soci^t6  Linn^enne. 
Cherbourg^  —  Soci^t^  Acad^mique. 
DifoTij  —  Academic  des  Sciences,  &o, 

IdUey  —  Soci4t4  Nationale  des  Sciences,  de  TAgric,  et  des  Arts. 
MorUpeUiery — Acad6mie  des  Sciences  et  Lettres. 
JPariSy  —  Institut  de  France. 
„  Soci^t^  Philomatique. 

„  Soci^t4  M6t^orologique  de  France. 

Strctssburg^  —  Kaiserl.  Universitats-  und  Landes-  Bibliothek.* 
GenoOy  —  Societa  di  Letturi  e  Conversazioni  Scientifiche. 
JdUan^  —  Reale  Istituto  Lombardo  di  Scienze  e  Lettere. 
jRome^  —  Osservatorio  Astronomico  del.GoUegio  Romano. 
Ihcrin, — Accademia  Reale  delle  Scienzie. 

„         Pubblicazioni  del  Circolo  Geographico. 
Madrid^  —  Real  Academia  de  Ciencias. 
Cambridge  —  Cambridge  philosophical  Society. 
Dublin^  —  Royal  Irbh  Academy. 
Edinburgh^  — ^Royal  Society. 

Liverpool^  —  The  Literary  and  Philosophical  Society. 
London^  —  Board  of  Admiralty.  • 

„  East  India  Company. 

„  Museum  of  Practical  Gteology. 

„  Royal  Society. 

„  Royal  Astronomical  Society. 

„  Royal  Geographical  Society. 

„  Royal  Institution  of  Great  Britain. 

Manchester^ — Literary  and  Philosophical  Society. 

„  Natural  Hist.  Soc.  of  Northumberland,  Durham,  d;c. 

NewcastU-upon-Tyne^  —  The  Tyneside  Naturalist's  Field-Club. 
Oxford^  —  Radcliffe  Observatory. 
BataviOy —  Soci^te  des  Arts  et  des  Sciences. 
«  Also  VoU.  zril.  and  ziz. 
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REPORTS. 

Thb  following  is  the  report  of  tbe  Committee  of  the  American 
Association  for  the  Advancement  of  Science  in  regard  to  holding 
the  meeting  of  1872  at  San  Francisco. 

At  the  session  of  the  Association,  held  at  Indianapolis  in  1871, 
the  following  resolutions  were  passed :  — 

1st,  That  the  next  meeting  be  held  at  San  Francisco,  on  the 
first  Monday  in  August,  1872,  i^  in  the  opinion  of  the  Standing 
Committee,  satisfactory  arrangements  could  be  made. 

2d,  Th^t  if  the  arrangements  could  not  be  made  satisfactory  to 
the  Committee,  that  the  meeting  should  be  held  in  Dubuque, 
Iowa,  at  the  usual  time ;  viz.,  on  the  third  Wednesday  in  August. 

Immediately  on  the  adjournment  of  the  Association,  steps  were 
taken  by  the  individual  members  of  the  Committee  to  see  what 
could  be  done  with  the  directors  of  the  railroads  for  conveying  the 
members  of  the  Association  to  San  Francisco.  While  this  was 
doing,  we  received  a  letter' from  San  Francisco,  dated  October 
6th,  as  follows:  — 

'^  We  have  not  received  any  official  notices  of  the  acceptance  of 
our  invitation,  but  acting  on  your  note  to  me,  unofficially  noting  the 
fact,  I  have  been  directed  by  the  trustees  to  open  correspondence 
with  railroad  officials,  East,  to  get  the  best  rates  we  can  for  guests. 
I  am  going  for  twenty  free  passes  both  ways  for  your  distribution 
to  the  foreign  guests  you  may  invite,  and  such  of  your  members  as 
you  may  designate.  I  may  not  succeed  in  getting  that  many,  but, 
if  we  get  half  of  them,  we  intend  to  raise  a  fund  to  pay  for  the 
other  half. 

"  We  would  be  glad  if  you  invited,  say  six  or  ten  from  Europe, 
including  Tyndall,  Huxley,  and  Hooker.  I  intend  to  open  negotia- 
tions with  steamship  lines  from  Europe  on  the  subject  of  half 
fares  for  them,  and  will  advise  you  of  the  result" 

Other  letters  of  a  similar  nature  were  received,  and  encouraged 
your  Committee  in  their  labors,  who  finally  succeecLed  in  making 
favorable  terms  with  the  railroads ;  viz.,  for  the  round  trip  for  mem- 
bers of  the  Association  from  Omaha  to  San  Francisco  and  back, 
$64,  and  half  rates  on  the  roads  east  of  Omaha.  Some  of  the  details 
concerning  the  manner  of  paying  the  fare  were  not  satisfactory; 
but,  as  they  in  no  wise  altered  the  amount,  this  could  have  been 
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accommodated.  We  then  commenced  making  arrangements  with 
the  Ocean  Steamers,  and  inviting  foreign  guests  as  requested* 
After  proceeding  thus  far,  we  sent  several  communications  to  San 
Francisco,  but,  by  reason  of  misdirected  letters,  or  snow  blockade, 
we  did  not  receive  answers  to  these  communications.  About  this 
time  a  telegram  was  received  from  the  President  of  the  California 
Academy  of  Science  and  the  Director  of  the  Geological  Survey  to 
say  that,  in  their  opinion,  the  meeting  in  San  Francisco  should  be 
deferred  to  another  year.  Consequently  your  Committee  accepted 
the  cordial  invitation  which  continued  to  be  extended  to  us  from 
Dubuque  by  both  letters  and  telegrams.  In  conclusion,  we  would 
say  that,  if  much  has  been  lost  in  not  going  to  San  Franciscoi 
more  has  been  gained  in  coming  to  Dubuque,  for  nothing  could 
excel  the  overflowing  kindness  of  the  people  of  this  small  but 
enterprising  city  of  the  great  State  of  Iowa. 

Asa  Gray. 

Joseph  Lovxbing. 

J.  Lawbengb  Smith. 

{Far  the  C<nnmitte€.) 


The  Committee  formerly  appointed  to  report  on  a  Revision  of 
the  Constitution,  if  such  revision  was  deemed  necessary  by  them, 
after  due  consideration  reported  as  follows:  — 

Your  Committee  to  report  if  any  Revision  of  the  Constitution 
of  the  Association  is  required,  beg  to  report  that,  after  a  careful 
study  of  the  Constitution  and  Resolutions  of  the  Association,  they 
find  that  no  change  is  necessary,  as  the  points  to  which  the  vote 
of  the  last. meeting  called  their  attention  are  fully  provided  for. 
But  they  also  beg  to  report  that  they  find  several  violations  of  the 
Constitution  of  common  occurrence,  and  that  they  th^nk  a  strict 
adherence  to  it  to  be  of  vital  importance  to  the  Association. 

F.  W.  Putnam. 
G^  C.  Swallow. 

{Far  tht  Committee.) 


Digitized  by  VjOOQIC  ^— ^ 


280  APPSKDIZ. 


APPENDIX. 


Scientific  Excubsion  acboss  the  State  of  Iowa.    By  Wn^ 
LiAM  W.  Wheildon. 

At  the  conclusion  of  the  sessions  of  the  Association,  on  Mon- 
day, August  26th,  and  after  the  return  of  the  members  from  the 
social  and  festive  visit  to  the  city  of  McGregor,  on  the  Upper  Mis- 
sissippi River,  on  .  Tuesday, —  which  combined  river  and  railroad 
travel  with  extraordinary  scientific  interest, —  a  more  extensive 
excursion  was  arranged  by  the  Illinois  Central  Railroad  Company, 
from  Dubuque  to  Sioux  City  and  back  again.  Such  members  of 
the  Association  as  desired  to  join  in  the  excursion  were  kindly 
furnished  with  the  necessary  tickets  for  the  purpose,  and  the 
**  Section  "  —  as  we  felt  that  we  might  call  it  —  left  Dubuque  on 
Wednesday  morning,  the  28th.  The  section  comprised  about 
forty  in  number,  and  included  many  prominent  and  active  mem- 
bers of  the  Association,  and  several  ladies,  who  had  b^en  attending 
its  meeting.  There  were  five  or  six  State  geologists,  a  number  of 
botanists,  and  others,  all  interested  in  the  study  of  natural  history 
and  the  pursuits  of  science. 

The  excursion  proposed  was  directly  across*  the  State  of  Iowa, 
from  the  Mississippi  River  on  the  east,  to  the  Big  Sioux  and  Mis- 
souri Rivers  on  the  west,  a  distance  of  three  hundred  and  twenty- 
seven  miles ;  and  many  inducements  were  presented,  calculated  to 
make  the  excursion  both  interesting  and  profitable  to  the  party, 
and  promotive  in  some  degree  of  the  cause  of  science.  The  meet- 
ing of  the  Association,  just  concluded,  is  the  firat  which  it  has  held 
west  of  the  Mississippi  River,  —  a  region  embracing  by  far  the 
largest  portion  of  our  country ;  and  the  rich  valley  lying  between 
the  two  great  continental  rivers,  before  they  become  united  into  one 
stream,  hardly  less  than  that  larger  region  lying  beyond  the  Mis- 
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souri,  was  almost  wholly  unknown,  bo  far  as  personal  observation 
goes,  to  the  members  of  the  Association.  The  recent  history  of 
this  region  —  and  none  other  is  open  to  us,  unless  it  be  to  some 
extent  geologically  —  is  to  be  found  scattered  through  many  vol- 
umes of  more  or  less  value,  and  in  the  public  documents  of  the 
government,  which  are  generally  accessible  to  those  who  desire  to 
be  particularly  acquainted  with  it.  The  city  in  which  the  Asso- 
ciation held  its  sessions  is  less  than  a  hundred  years  old,  having 
been  settled  by  the  French  Canadians  in  1786,  —  then  barely  enti- 
tled to  be  called  an  outpost  of  civilization;  and  now  it  numbers  a 
population  of  more  than  twenty  thousand  persons,  possessing,  as 
indicative  of  the  taste  and  intelligence  of  the  people,  a  museum  of 
natural  history  and  kindred  sciences,  and  a  public  library.  Of 
course,  these  simple  statements  carry  with  them  the  evidence  of  a 
general  advancement  in  wealth  and  refinement,  —  all  of  which, 
without  needless  display  of  any  kind,  combined  to  render  this 
meeting  of  the  Association  of  the  most  gratifying  character. 
The  attentions  bestowed  upon  the  Association  and  the  kindness 
shown  to  its  members,  as  well  as  the  large  attendance  upon  its 
sessions,  we  feel  justified  in  saying,  are  regarded  as  manifesting 
a  high  appreciation  of  its  purposes  and  a  respect  for  its  mem- 
bers, alike  complimentary  to  them  and  not  less  honorable  to  the 
city. 

In  this  excursion  the  Section  was  favored  with  the  company  of 
Dr.  C.  A.  White,  of  the  Iowa  State  University,  and  State  Geol- 
ogist ;  *  and  in  order  to  follow  to  some  extent  the  rules  of  the  Asso- 
ciation, as  applied  to  its  working  sections.  Dr.  White  was  elected 
chairman ;  and  to  him  was  intrusted  not  only  the  general  direction 
of  the  party,  but,  we  may  say,  its  edification  also.  Familiar  as  he 
is  with  the  geography  and  the  geology  of  the  State,  its  rivers, 
lakes,  mines,  quarries,  and  prairies,  it  appeared  to  be  a  pleasure 
to  him  to  give  any  information  in  regard  to  these  which  might 
suggest  itself  to  him  or  be  desired  by  the  party ;  so  that,  in  point 
of  fact.  Dr.  White  lectured  to  his  attentive  and  interested  audience 
during  the  entire  journey  of  two  days  across  the  State,  and,  as  for 
that  matter,  nearly  all  the  way  back,  until  we  parted  with  him  at 
Fort  Dodge. 

*  Dr.  White's  elaborate  work  on  the  Geology  of  the  State  has  been  published 
in  two  large  and  elegant  volumes,  illustrated  with  maps,  diagrams,  and  draw- 
ings ;  and  is  a  very  valuable  addition  to  the  works  of  its  character  and  class. 
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With  the  asual  oocurrences  and  incidents  of  travel  oyer  this  new 
and  peculiar  country,  so  destitute  of  those  features  which  in  New 
England  characterize  the  landscape,  —  hills  and  vales,  and  forests 
and  rocks,  —  our  stopping-place  for  the  night  was  at  the  city  of 
Fort  Dodge,  on  the  Des  Moines  Riv«r,  192  miles  from  Dubuque. 
We  were  at  this  place  about  a  thousand  feet  above  the  level  of  the 
sea,  and  444  feet  above  the  Mississippi  River  at  Keokuk. 

Fort  Dodge  and  its  neighborhood  compose  an  extremely  inter- 
esting region,  both  historically  and  scientifically.  After  the  trans- 
fep  of  the .  vast  country  west  of  the  Mississippi  River,  included 
in  the  Louisiana  purchase  in  1803,  to  the  United  States,  one  of 
the  military  posts  for  the  protection  of  the  surveying  parties  was 
established  at  this  point  on  the  Des  Moines  River,  in  1849.  The 
barracks  used  by  the  troops,  when  the  region  was  in  possession  of 
the  Indians,  are  still  standing  within  the  streets  of  the  present  city; 
and  one  of  the  veterans  of  that  period  who  served  under  Greneral 
Mason  (Major  Williams),  and  was  at  one  time  acting  military 
governor  over  an  almost  boundless  territory,  still,  resides  in  the 
city. 

The  Section  were  received  by  the  citizens  of  Fort  Dodge,  in  a 
most  generous  and  hospitable  manner,  into  their  hearts  and  homes. 
In  the  evening  there  was  a  reception  at  the  residence  of  Mrs. 
Swain,  a  member  of  the  Association,  at  which  an  opportunity  of 
meeting  with  some  of  the  citizens  of  the  place  was  afforded  and 
enjoyed. 

The  next  morning,  Thursday,  29th,  was  devoted  to  a  Scientific 
exploration  of  the  neighborhood,  —  mine  and  quarry,  forest  and 
river.  Carriages  were  provided  by  the  citizens  for  all  the  members 
of  the  Section,  and  some  of  them  accompanied  the  party  in  their 
explorations.  Among  the  places  visited  were  the  limestone  quar- 
ries and  kilns,  the  coal  mines,  the  river,  and  Lizard  Creek ;  and, 
chiefest  of  all,  the  famous  gypsum  quarries,  known  hereabouts  as 
the  birthplace  of  that  audacious  imposition,  the  ''  Cardiff  Giant?* 
From  among  the  hills  and  groves,  which  undulate  and  beautify  the 
river  banks,  we  passed  over  a  few  miles  of  elevated  prairie  ground, 
and  entered  the  canyon,  for  it  is  almost  that^  in  which  the  gypsum 
beds  are  visible  in  the  blufb  upon  either  side  of  it.  Through  this 
gorge,  or  narrow  valley,  runs  the  Soldier  Creek,  in  its  summer  glory, 
babbling  or  foaming  or  spreading  itself  thinly  over  a  smooth  sandy 
surface ;  and  we  had  to  cross  it  (of  course  fording  it)  no  less  than 
six  times  in  a  hundred  rods.    It  has  been  running  through  this 
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valley,  impetaons  in  its  littleness  though  boisterous  at  other  sea- 
sons, for  ages,  and  may  undoubtedly  be  said  to  have  "  worked  its 
passage '^through  the  soil  gypsum  deposits.  The  stream  itself  was 
lovely ;  and,  while  its  banks  were  green  and  beautiful,  its  compan- 
ionship was  pleasant  and  inspiring.  Stopping  in  full  view,  though 
far  above  us,  of  the  position  whence  the  Cardiff  giant  was  blocked 
^  out.  Dr.  White  interested  the  Section  in  a  description  of  the  gyp^ 
sum  field,  its  extent,  and  the  quality  and  the  uses  of  the  article. 
It  has  been  used  to  some  extent  in  Fort  Dodge  as  a  building  ma- 
terial, and  arrangements  are  in  progress  to  furnish  a  supply  of  plas- 
ter of  Paris  from  it  for  the  purposes  of  agriculture  and  the  arts.  It 
is  not  probable  that  it  will  be  much  used  for  statuary  hereafter. 
The  gypsum  beds  of  the  Des  Moines  River  and  its  tributaries  are 
said  to  be  the  largest  and  most  valuable  in  the  country,  and  the 
only  beds  of  any  economical  value  in  this  or  the  adjoining  States. 
Its  peculiarity  is  its  remarkable  purity  and  freedom  from  grit,  so 
that  it  is  hewn  with  axes  and  hatchets,  saw$d  with  a  common 
wood-saw,  and  blasting-holes,  when  necessary,  are  made  with  a 
common  carpenter's  auger ;  yet  as  a  building  material,  though  it 
may  be  cut  and  defaced  with  a  penknife,  it  retains  its  beauty  of  col- 
oring and  its  durability  nearly  as  well  as  marble.  It  may  be  sawed 
into  slabs  or  blocks  of  any  size ;  and,  when  calcined  and  ground  as 
plaster  of  Paris,  it  is  applicable  to  the  highest  purposes  of  art,  as 
well  as  to  ordinary  agriculture. 

Returning  from  the  gypsum  quarries,  we  crossed  the  Des  Moines 
River,  and  from  the  bluffs  of  its  western  shore  obtained  some  fine 
views  of  the  city,  the  river,  and  the  surrounding  country.  Our 
visit  proved  to  be  highly  satisfactory,  socially  and  scientifically, 
not  only  to  the  members  of  the  Section,  but  not  less  so  to  the  citi- 
zens of  Fort  Dodge,  and  will  be  pleasantly  remembered  by  all. 

At  3.40  P.M.,  we  left  our  friends  at  Fort  Dodge,  and  in  a  car 
kindly  provided  for  our  party,  proceeded  on  our  way  to  Sioux  City. 
Our  route  for  the  whole  distance  of  one  hundred  and  thirty-five 
miles  was  over  the  open  and  apparently  boundless  prairie,  unbroken 
by  an  elevation  and  almost  unrelieved  by  tree  or  shrub,  save  the 
rank  weeds  of  the  prairie.  The  weather  was  warm  and  pleasant, 
and  particularly  favorable  for  the  most  extended  views  over  the 
prairie,  which,  especially  towards  the  north,  seemed  like  the  open 
ocean ;  and  visions  of  the  broad  swell  of  the  sea  scarcely  required  an 
effort  of  the  imagination.  For  a  distance  of  more  than  fifty  miles, 
the  track  of  the  railroad  was  as  straight  as  an  arrow ;  and,  looking 
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back  from  the  rear  of  the  train,  a  very  slight  grade,  hardly  more 
than  the  curvature  of  the  earth,  we  might  imagine,  could  be 
observed.  The  prairie  was  not  entirely  new  to  the  party,  except- 
ing in  its  apparent  boundlessness ;  but  it  still  seemed  strange  to 
those  in  whose  minds  ''  the  idea  of  a  wilderness  was  indissolnbly 
connected  with  that  of  a  forest."  Beyond  the  Ohio  River,  "  the 
traveller,  as  he  wanders  successively  over  Indiana,  Illinois,  Mis- 
souii,  and  the  vast  wilderness  lying  beyond,  is  astonished  at  the 
immensity  of  the  great  plain,  the  verdure,  the  beauty,  of  its  wide- 
spread meadows."  In  our  case  nothing  could  be  more  interesting 
than  the  broad  prairie  views,  opening  from  all  the  windows  of  the 
car,  during  a  ride  of  more  than  a  hundred  miles,  which  may 
scarcely  be  said  to  be  diversified  with  a  few  trees,  and  a  few  houses, 
a  river  or  two,  a  lake  or  two,  and  for  most  of  the  time  the  visible 
horizon  bounding  the  landscape.  Many  times  as  we  have  seen 
them,  lived  upon  them,  studied  them,  we  never  look  upon  these 
boundless  prairies  without  wonder  at  their  vast  extent,  their  mar- 
vellous fertility,  their  beautiful  green  covering,  brilliant  with  flow- 
ers and  instinct  with  Ufe  in  so  many  forms. 

Notwithstanding  the  apparently  level  country  over  which  we 
had  travelled  for  two  days,  we  had  risen  to  an  altitude  of  more 
than  fifteen  hundred  feet  above  the  sea,  and  had  as  imperceptibly 
dropped  down  again  to  two-thirds  of  that  elevation.  The  summit 
level  in  our  journey  was  passed  near  Storm  Lake,  —  a  spot  made 
memorable  with  blood  in  Indian  history,  and  whose  peculiarity 
is  that  its  waters  flow  from  opposite  ends  into  diflerent  streams. 

After  a  very  agreeable  and  interesting  journey  during  the  after- 
noon, our  Section  reached  its  destination  and  western  limit,  at 
10;15  P.H.,  unexpectedly,  as  we  were  surprised  to  learn,  to  the 
citizens.  We  had  passed  since  leaving  Dubuque,  in  the  three 
hundred  and  twenty- seven  miles  over  this  comparatively  new 
country,  more  than  forty  stations,  each  of  which  of  course  repre- 
sents the  town,  and  frequently  constitutes  all  there  is  of  a  settle- 
ment. It  seems  that  we  were  exp^ted  at  four  o'clock  in  the 
afternoon,  at  which  hour  a  pubUc  reception  had  been  arranged, 
carriages  provided  for  the  use  of  the  party,  and  there  would  also 
have  been  a  gathering  in  the  evening ;  all  of  which,  with  what- 
ever benefits  might  have  occurred,  were  lost  to  us  and  to  them 
by  our  delay.  We  found  ample  and  elegant  accommodations  at 
the  Hubbard  House,  —  a  large  and  princely  hotel, — and  received 
the  visits  of  some  of  the  prominent  citizens  during  the  evening. 
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Our  chairman,  Dr.  White,  in  consultation  with  the  citizens,  made 
the  necessary  arrangements  for  the  movements  of  the  party  for  the 
following  day. 

Fridayy  Augtist  30.  —  This  morning  after  breakfast,  the  Section 
assembled  in  the  drawing-rooms  prepared  for  the  excursions  of  the 
day.  Carriages  were  placed  at  their  disposal,  and  Dr.  White 
organized  the  companies  and  arranged  the  excursions.  Parties 
sallied  out  in  different  directions  around  the  city,  and  the  whole 
neighborhood  was  visited.  The  Big  Sioux  River  was  crossed  into 
the  territory  of  Dakota,  and  the  Missouri  River,  at  a  point  below, 
into  Nebraska;  and  short  rides  were  taken  in  each,  chiefly  of 
interest  to  the  botanists  of  the  party.  The  celebrated  bluff  named 
after  the  first  settler  of  the  city,  Brughier,  was  visited,  and  from 
this  point  was  seen  the  junction  of  the  Sioux  River  with  the  Mis- 
souri. The  geologists  had  ample  and  enjoyable  opportunities  of 
visiting  the  cretaceous  formations  of  this  region,  and  numerous 
specimens  were  obtained  by  them.  Quite  a  number  of  specimens 
of  small  fishes  were  also  obtained  from  the  river  by  our  ichthyolo- 
gists, and  not  a  few  moths  and  bugs.  Floyd's  River  was  crossed, 
and  the  bluff  three  jniles  below  the  city,  where  Floyd  was  buried 
at  the  time  of  Lewis  and  Clarke's  expedition,  was  seen,  but  not 
visited.  Some  of  the  highest  eminences  in  the  State  are  to  be 
found  a  few  miles  north  of  this  city,  on  the  Sioux  River,  1500  feet 
above  the  level  of  the  sea;  and  from  these  the  views  are  pictu- 
resque and  beautiful,  including  innumerable  bluffe  in  all  directions, 
groves  of  trees,  the  courses  of  the  two  rivers,  and  the  great  level 
valley  lying  between  them. 

The  region  around  Sioux  City  was  found  to  be  very  interesting, 
historically,  geologically,  and  geographically;  and  much  pleasure 
and  profound  scientific  interest  were  enjoyed  by  the  party,  espe- 
cially that  portion  of  it  which  had  the  privilege  of  listening  to  the 
instructive  remarks  and  explanations  of  Dr.  White,  It  is  hardly 
too  much  to  say  that  the  bluflfe,  rivers,  forests,  quarries,  and  even 
the  swamps  in  the  neighborhood  of  the  city,  were  visited  by  the 
geologists,  botanists,  ichthyologists,  and  bug-hunters  of  the  party ; 
and  wherever  there  was  fine  scenery  to  be  found,  upon  the  bluffs 
and  along  the  rivers,  there  some  of  our  sesthetic  members  were  sure 
to  be  seen. 

In  the  evening,  after  the  excursions  of  the  day,  the  Section  re- 
assembled in  the  drawing-rooms  of  the  Hubbard  House,  compared 
notes  of  the  day's  exploits,  and  received  the  calls  of  many  of  the 
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citizens  with  their  ladies.  At  an  early  hour,  the  company  was 
called  to  order  by  the  chairman.  Dr.  White,  and  committees 
appointed  to  prepare  resolutions,  expressive  of  the  sense  of  the 
company,  for  the  invitation  extended  to  them  by  the  railroad  com- 
pany and  the  attentions  received  from  the  citizens  of  Sioux  City. 
Subsequently,  Prof.  Perry,  from  the  first  named  committee,  reported 
thp  following :  — 

Whereas^  The  Illinois  Central  R^lroad  Company  has  kindly 
favored  such  members  of  the  American  Association  for  the  Ad- 
vancement of  Science  as  wished  to  make  an  excursion  westward 
with  free  tickets  from  Dubuque  to  Sioux  City,  and  back  again ; 
therefore, 

jResolved,  That  we  tender  our  most  hearty  thanks  to  the  said 
railroad  company,  and  in  particular  to  the  General  Superintendent 
and  to  Q.  N.  Candee,  Esq.,  for  their  kind  and  untiring  efforts  to 
promote  our  comfort  and  pleasure  during  the  excursion. 

Mr.  W.  W.  Wheildon,  fix)m  the  second  committee  on  the  recep- 
tion and  entertainment  at  Sioux  City,  reported  the  following  reso- 
lutions, and  all  were  unanimously  adopted  by  the  meeting  and 
published  in  the  local  papers :  — 

Eeaolved,  That  the  thanks  of  the  Section,  individually  and 
collectively,  be  pi'esented  to  the  citizens  of  Sioux  City  for  the 
attention  and  kindness  bestowed  on  the  occasion  of  our  visit  to 
this  city  and  its  interesting  vicinity ;  and,  frirther, 

Resolved^  That,  recognizing  their  generous  conduct  as  an  evi- 
dence of  interest  in  the  cause  of  science  on  the  part  of  the  citizens 
of  Sioux  City,  it  is  especially  gratefrd  to  us,  and  wilh  be  regarded 
as  an  encouragement  in  future  efforts  for  the  advancement  of 
science  in  this  and  all  sections  of  the  country. 

After  completing  the  business,  the  remainder  of  the  evening  was 
passed  in  very  agreeable  social  intercourse  with  the  citizens  and 
ladies  of  the  place,  all  of  whom  expressed  their  gratification  at  the 
visit  of  so  large  and  respectable  a  body  of  scientists,  and  that  the 
Association  had  honored  the  State  by  holding  its  firet  meeting 
west  of  the  Mississippi  within  its  limits. 
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Saturday^  August  31.  — Having  accomplished,  as  far  as  seemed 
practicable,  the  objects  of  the  visit  to  Sioux  City,  this  morning  the 
members  of  the  Section  took  the  cars  on  their  return.  Passing 
again  over  the  beautiful  prairie,  they  reached  Fort  Dodge  at  noon, 
and  were  welcomed  by  their  Mends  and  invited  to  a  dinner  pro- 
vided by  the  ladies  of  the  city.  The  repast  was  served  at  the  Fort 
Dodge  House,  and  a  number  of  ladies  and  gentlemen  belonging  to 
the  city  were  present.  At  the  conclusion  of  the  dinner  a  vote  of 
thanks  for  the  kindness  and  attentions  received  was  adopted ;  and 
much  mutual  good  feeling  was  expressed  at  parting. 

Visit  to  Springvale. 

A  number  of  our  party,  having  accepted  the  invitation  of  Rev. 
S.  H.  Taft,  President  of  the  Board  of  Trustees  of  Humboldt  Col- 
lege, at  Springvale,  tendered  in  behalf  of  the  citizens,  carriages 
were  now  in  readiness  to  convey  them  to  that  plfice.  Humboldt 
College  is  the  latest  educational  institution  of  its  class  in  the  State, 
as  Springvale  is  also  one  of  its  youngest  municipalities.  The  town 
lies  about  sixteen  miles  north  of  Fort  Dodge,  and  nearly  at  the 
point  of  junction  of  the  east  and  west  branches  of  the  Des  Moines 
River.  The  ride  across  the  intervening  country  in  the  afternoon, 
quite  in  contrast  with  our  extensive  railroad  joumeyings,  was  a 
perfect  pleasure. 

We  were  received  at  Springvale  with  warm  hearts  and  every 
expression  of  welcome,  in  the  homes  of  the  people ;  and  in  the 
evening  there  was  a  public  reception  at  "  Russell  Hall,"  with  the 
somewhat  remarkable  addition,  as  we  thought,  of  a  musical  band. 
We  thought  perhaps  the  influence  of  ''  the  Jubilee  ^  had  been  felt 
even  in  these  remote  settlements.  The  exercises  of  the  evening 
consisted  of  an  address  of  welcome  by  Rev.  Mr.  Taft  and  remarks 
by  Dr.  White,  Prof  Perry,  Mr.  Putnam,  and  Mr.  Wheildon.  ■  The 
hall  was  filled  to  its  utmost  capacity^  the  people  were  very  much 
interested,  and  the  band  furnished  excellent  music  for  the  occasion. 
Later  in  the  evening  the  band  tendered  a  serenade  to  their  visitors, 
and  nothing  was  omitted  to  render  the  occasion  pleasant  and 
agreeable. 

By  arrangement  of  the  two  religious  societies  in  the  town,  Prof. 
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Perry,  on  the  following  day  and  evening,  delivered  his  two 
discourses  on  the  Mosaic  Creation  and  the  Noachian  Flood,  in 
Russell  Hall,  to  very  crowded  assemblies.  They  were  particularly 
interesting  and  instructive,  and  gave  great  satisfaction.  One  of  the 
clergymen  announced  his  intention  of  preaching  upon  the  subjects 
presented  to  the  consideration  of  the  people  by  the  scientists  on 
the  next  Sabbath. 

On  Monday,  the  scientists  visited  Humboldt  College  and  other 
points  of  interest  in  the  neighborhood ;  and  in  the  evening  the 
people  assembled  again  to  hear  a  lecture  by  Mr.  Putnam,  of  Salem, 
on  Fishes,  and  this  gentleman  presented  his  subject  in  a  popular 
and  interesting  manner,  illustrating  the  discourse  with  living  speci- 
mens taken  from  the  river  in  the  vicinity. 

On  Tuesday,  the  party  visited  the  oolite  quarries  and  lime  kilns, 
the  point  of  land  in  Dakota  City  where  the  two  J^ranches  of  the 
river  form  a  junction,  and  the  admirable  grounds  belonging  to  the 
college.  In  the  evening  a  lecture  was  delivered  by  Mr.  Wheildon, 
on  the  Origin  of  the  Races  of  Men,  supporting  the  Bible  account  of 
the  creation  of  man,  controverting  the  idea  of  numerous  creations, 
and  expressing  some  views  adverse  to  the  Darwinian  speculations. 
As  on  the  previous  evenings,  the  hall  was  crowded,  many  of  the 
auditors  coming  considerable  distances.  At  the  conclusion  of  his 
discourse,  Mr.  Wheildon  read  a  vote  of  the  scientists  expressing 
their  thanks  for  the  kindness  and  hospitality  received ;  and  the  , 
meeting  passed  a  vote  of  thanks  to  the  lecturer. 

Here,  it  may  be  said,  the  public  proceedings  of  our  party  closed. 
Many  of  the  members  had  already  left  Springvale,  and  on  Wednes- 
day morning,  September  4th,  the  remainder  returned  to  Fort 
Dodge  and  took  the  cars  for  Dubuque ;  and  there  the  excursion 
ended,  each  day  having  been  passed  happily  and  pleasantly.  We 
had  crossed  and  re-crossed  the  State,  had  visited  many  localities  of 
historical  and  geological  interest,  had  seen  the  beauty  of  the  sce- 
nery and  the  richness  of  the  soil,  and  measured,  as  far  as  the  eye 
could  reach,  the  almost  boundless  and  beautiful  prairies.  This 
State,  and  perhaps  all  the  States  east  of  the  Rocky  Mountains, 
which  are  drained  by  the  Missouri  and  Mississippi  Rivers  and  their 
tributaries,  are  of  similar  geological  character,  composed  for  the 
most  part  of  stratified  rocks  and  drift.  The  rocks  are  altogether 
of  marine  origin,  and  are  filled  with  remains  of  shells,  corals,  Ac^ 
as  the  coal  fields  are  with  vegetable  remains.  Minerals  of  various 
kinds,  especially  galena  in  the  neighborhood  of  Dubuque,  are  found 
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in  different  parts  of  the  State,  and  more  or  less  in  all  the  prairie 
States,  but  of  course  not  as  in  the  mountainous  regions  farther 
west.  Although  the  rocks  must  have  been  deposited  in  horizontal 
layers,  they  are  rarely  found  anywhere  in  this  condition,  so  that 
not  only  the  coal  deposits,  but  nearly  all  other  formations,  crop  out 
at  the  surface  or  are  exposed  in  the  river  valleys.  The  advantages 
afforded  by  these  conditions  are  especially  favorable  to  geological 
observation  and  promotive  of  the  progress  of  the  science,  as  the 
relative  position  of  these  formations  and  the  peculiar  fossil  remains 
which  characterize  them,  accurately  determined,  are  essential  to 
the  claims  of  geology  as  a  science.  American  geology  is  already 
recognized  abroad ;  and  the  labors  of  American  geologbts,  in  their 
ample  and  open  fields,  have  contributed,  and  are  now  contributing 
largely  to  the  advancement  of  the  science. 

The  excursion  of  the  Section,  formed  impromptu  and  almost 
without  previous  acquaintance  among  its  members,  and  the 
attentions  received  at  Fort  Dodge,  Sioux  City,  and  Springvale^ 
various  and  generous  and  inspiriting  as  these  were,  will  be  long 
remembered  and  cherished  as  among  the  pleasantest  experiences 
of  their  lives.  The  whole  excursion  was  enjoyed,  not  merely  in  its 
scientific  pursuits,  satisfactory  as  these  were,  but  quite  as  much  in 
its  social  activities  and  intercourse.  These  grew  upon  the  party, 
both  ladies  and  gentlemen,  daily,  and  made  the  termination  of  our 
journeyings  an  undesired  consummation.  Of  the  same  character, 
to  some  extent,  were  the  friendships  formed  in  the  cities  visited, 
where  the  kindnesses  received  seemed  to  teach  us  not  only  that  — 

"  One  toach  of  nature  makes  the  whole  world  kin/' 

but  that  we  were  of  one  country  and  one  people. 

But  to  these  words  of  pleasure,  recreation,  and  friendship,  —  so 
fully  realized  by  all  the  members  of  the  party,  —  the  word  of  sad- 
ness must  be  added.  We  felt  that  the  social  enjoyments  of  our 
party  must  terminate,  that  many  of  us  might  not  meet  again ;  but 
we  did  not  dream,  when  we  separated,  that  one  who  had  taken  so 
active  a  part  in  the  doings  of  the  Association  and  of  the  Section 
during  the  excursion,  as  Prof.  J.  E.  Perry,  —  whom  we  all  hoped 
to  meet  again,  —  would  be  removed  from  his  sphere  of  labor  and 
usefulness,  and  called  up  higher,  even  before  all  our  party  had 
reached  their  homed.  Although  he  did  not  appear  to  be  as  strong 
in  health  as  we  could  have  wished,  he  shrunk  from  no  effort ;  and 
we   fear   that  the  readiness  with  which  he  complied  with  the 
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wishes  of  others  may  have  tasked  his  energies  of  mind  and  body 
too  severely. 

Prof.  Perry  had  interested  all  our  members  in  the  learned  and 
elaborate  discourses  delivered  by  him  at  Dubuque  and  repeated  at 
Springvale,  and  we  had  enjoyed  his  conversation  and  companion- 
ship during  the  whole  excursion.  His  quiet  and  gentlemanly  bear- 
ing had  attracted  the  observation  and  secured  the  respect  of  all 
the  party,  and  we  may  truly  say  that  none  more  sincerely  than 
they  mourn  his  early  and  sudden  death. 

In  concluding  this  narrative  of  the  longest  and,  in  some  respects, 
most  practical  excursion  yet  made  by  the  members  of  our  Associa- 
tion, we  may  be  permitted  to  express  the  opinion  that,  whether  it 
shall  ever  be  repeated  in  any  othdr  direction  or  not,  much  good  in 
the  cause  of  science  and  scientific  observation  cannot  fjul  to  result 
from  this,  in  the  new  and  comparatively  unexplored  region  viated. 
The  people  everywhere  manifested  the  most  lively  and  gratifying 
interest  in  the  subjects  of  scientific  inquiry,  as  the  whole  commun- 
ity appeared  to  do  at  Dubuque,  and  left  no  means  unemployed  to 
assist  the  members  of  the  Section  in  the  pursuit  of  their  peculiar 
studies.  Not  only  was  a  spirit  of  hospitality  and  iiiendlinesa 
invoked  in  our  aid,  but,  as  in  the  city  where  our  meeting  had  been 
held,  a  desire  was  manifested  by  many  to  continue  the  investiga- 
tions and  observations  initiated  by  their  visitors,  and  follow  in  the 
paths  of  study  in  some  small  degree  opened  to  their  enlightened 
apprehension.  "The  pursuits  of  science,"  says  Dr.  Dick,  "are 
fitted  to  yield  a  positive  gratification  to  every  humim  mind.  It 
presents  to  view  processes,  combinations,  metamorphoses,  motions, 
and  objects  of  various  description  calculated  to  arrest  the  attention 
and  to  astonish  the  mind  far  more  than  all  the  romances  and  tales 
of  wonder  that  were  ever  invented  by  the  human  ima^nation. 
In  order  to  make  science  advance  with  accelerated  steps,  and  to 
multiply  sources  of  mental  enjoyment,  we  have  only  to  set  the  ma- 
chinery of  the  human  mind  in  motion,  and  to  direct  its  movements 
to  those  objects  which  are  congenial  to  i,ts  native  dignity  and  its 
high  distinction." 

In  the  true  spirit  of  our  Association,  —  the  advancement  of 
science,  —  we  entered  upon  this  excursion ;  and  those  who  have 
enjoyed  its  pleasures  are  encouraged  in  the  belief  that  it  has  not 
failed  to  leave  pleasant  remembrances  in  its  paths,  and  perchance 
sown  some  seed  that  may  hereafter  give  evidence  of  the  hopes  that 
ihspired  it. 
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